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PREFACE 


This book has been designed to provide an introductory course in map 
reading and practical geography suitable for use in the upper forms of schools 
and in first year University classes. Care has therefore been taken to include all 
that is required m the subject for the vauoue Higher School Certificate and 
University Intermediate examinations The first ten chapters, especially those 
dealing with Ordnance and Weather Maps, contain much material suitable for 
School Certificate purposes 

The scope of the book will be apparent from the table of contents The 
chapters have been so arranged that matter required m connection with the 
various examinations may be easily referred to Thus Part I directly covers 
the London University Intermediate Arts and Science syllabus m Map work 
Pait IT first gives some elementary aspects of surveying relative to map-making, 
and then m Chapter XVII I. deals with the interpi etation of Geological maps 
as an aid to the study of topographical maps Thus Part II will serve as an 
introduction to the knowledge of surveying methods and uses of instruments 
required for most degree examinations in Geography. 

A notable feature is the inclusion oi portions of seven actual Ordnance 
Survey maps These, together with the notes provided, should prove invaluable 
to the student The weather map is also dealt with in great detail, and many 
typical examples are leproduced and discussed 

The problem of map making is approached m a clear manner, so that students 
will realise how survey work gives the data for the map, and why particular 
projections are selected for particular purposes. Simple graphical methods for 
constructing important projections are carefully explained 

Many useful questions and exercises have been included at the end of the 
book These have been carefully selected and grouped into sections, at the head 
of which reference is made to chapters dealing with the subject of such sections 
Many of the mapwork exercises are actual questions set at various Cambridge 
Efcfaflol Ufactilicate and liigUer befiool Uertiticate examinations, and tor permission 
'b^nks are due to the Local Examinations Syndicate of the 
They form excellent groundwork for map analysis 
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exercises set in London Intermediate and similar examinations. Many are based 
on Ordnance Maps, and are more concrete than “manufactured” examples. 
Numerous original questions are set on the Ordnance Maps included in this book, 
and most of them can be applied to other Ordnance Maps. Some tolerably 
advanced exercises are given in connection with Part II* They are mamly 
designed to emphasise the application of surveying methods to mapwork. 

Thanks are also tendered to the Directors of the Ordnance Survey, the 
Geological Survey, and the Meteorological Office, as well as to the Controller of 
H M Stationery Office, for permission to reproduce certain maps and diagrams, 
etc., and to Messrs J H Steward, Ltd , for the loan of blocks for Figs. 86, 87, 
88, 96, 97, 106, 110, 114, and 115 Acknowledgement is made to Messrs. George 
Routledge, Ltd , for permission to use some diagrams from the writer’s Eastern 
England In the text specific reference is made to such diagrams and to 
those reproduced by permission of tho various authorities noted above 

Professor A G. Ogilvie of Edinburgh University, Professor Kenneth Mason 
of Oxfoul University, Mr J. A Steers, Dean of St. Catharine’s College, Cambridge, 
have read proofs and made valuable suggestions concerning chapters devoted to 
subjects in which they are specially interested Dr It E Dickinson of University 
College, London, has helped with useful suggestions To all these and to Mr 
S L. Boot, w ho kindly checked the mathematical calculations, the author expresses 
his deep gratitude 

J. B. 


NOTE TO THE SECOND EDITION 

For this revised edition certain diagrams have been redrawn or amended, a 
few new' diagrams have been introduced, and new matter has been incorporated 
m Chapters I , II , IV , VII , XIII. Endeavour has also been made to 
simplify, and remove any ambiguity from, portions of the text, and the 
Ordnance maps have been inserted m slightly different, and more convenient 
positions The diagiam numbers aqd page numbers remain, however, 
substantially the same as in the previous edition 

J.B. 
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NOTE TO THE THIRD EDITION 

For tins edition Chapter IX has been completely re- written m conformity 
with modern developments, and a specimen of the New Popular (Sixth) Edition 
of the One-Inch Ordnance Survey Map with the National Grid has been 
added in Chapter IV An introduction to Regional Survey, designed to help 
candidates for University Diplomas and Degrees, from whom regional 
desciiption of u selected area is required, hab been included as an Appendix 
A few minor alterations have been made elsewhere, where these have seemed 
desirable to keep the text up to date, but the diagram numbois and pagination 
of the previous editions have been retained a& far as possible 

J V, 
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INTRODUCTION TO 

MAP WORK AND PRACTICAL GEOGRAPHY 
PART I 


('IIARTER I 

OUR CONCEPTION OF MAPW ORK AND OF PRACTICAL GEOGRAPHY 
RELATIVE TO MAPWORK, TYPES OF MAPS 

1. INTRODUCTORY 

The term “mapwork” may seem rather vague and generalised, but it is 
usually taken to comprise the study of various types of map, and consideration 
of the methods and principles underlying map construction 

We shall assume that the map is before us, and that in an elementary study 
ol maps we are mainly concerned with ail attempt to analyse it and to explain 
what it is intended to depict It is with such aspect of mapwork that the earlier 
chapteis of this book are concerned Later chapters will deal with some aspects 
of map construction, including elements of the field-work on which maps, par- 
ticularly large-scale maps, are based In some respects this older may seem 
illogical It might seem more logical at the outset to ascertain how a map has 
been made, or at any rate to link the details of construction with description and 
analysis This is not expedient, because it is possible to use a map without 
knowing how r it has been made, but such knowledge adds to the interest of map 
study and is required m more advanced examinations. Some examination 
syllabuses require merely study of certain maps, with no knowledge of the 
surveying methods necessary in the construction 

The second part of the book is concerned with certain aspects of map con- 
struction, which, when desired, can easily be correlated with earlier chapters. 
For instance, methods of contouring (Chapter XVII ) can readily be correlated 
with the study of contours on a laige-scale map (Chapter IV ). In this book 
the term “ practical geography ” includes surveying and other details of map 
construction It includes what is sometimes known as the “ cartographical and 
diagrammatic representation of geographical data,” m other words, the preparation 
of distributional maps and graphs founded On statistics illustrating some aspect of 
geography, such as climate, trade, crops, stock, or population (Chapter VIII.). 
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I PROBLEMS OF MAP MAKING 

(^11 maps aTe representation!? on a plane surface of some part of the earth. 
On globes which represent the earth, distances and the relative position of 
places are reckoned with respect to certain lineB known as parallels of latitude 
and meridians of longitude (See Chapter XI for explanation of latitude and 
longitude.) On the globe, such lines are circles At the expense of sacrificing 
truth to a greater or lesser degree, it is possible to project them on to a plane 
surface, and a network known as a graticul e or project ion is the result Such 
network is the basis of properly drawn maps, but there are many types of network, 
some of the most important of which will be treated m later chapters (Chapters 
XL, XII , XIII.) 

The mo&t important problems of mrtoqraphy, which is the science of map 
making aio — 

(1) Selection of a suitable scale, which determines the size of a country on 
the map compared with its real size 

(2) Choice and construction of a projection. 

(3) Cartographic representation, namely what to show and how to show it, 
particularly (a) the facts of physical geography concerning the relief and 
hydrography, (b) the facts of human geography, especially settlements and 
communications Methods of cartographic representation should be designed to 
show as much as possible t ompatlble with easy legibility. This is all bound up 
with the limitation ot map representation due to scale, which is treated in the 
next chapter A verv important aspect of cartogiaphic representation is 
lettering, which Rhould be designed not onlv to produce the utmost legibility 
allowed by the scale, but also to emphasise the relative importance of physical 
features, towns, and political divisions 

(4) Use of colour, lithographic processes, and printing. Formerly maps were 
produced entirely in black, but now coloui is largely used to show relief, water 
features, roads, vegetation, etc Selection of suitable tints to show relief is an 
intricate matter, and when different colours are used a map is printed from many 
plates, each requiring a separate printing. Great skill and care arc necessary to 
ensure proper correlation of the various colours and tints, and their correct 
relation to symbols and names which have been printed in black. 
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In criticising methods of representing facts on a map it is always necessary 
to consider, bearing in mind the limitations of the scale, what geographical facte 
should be shown and in what respects the map falls short of an ideal standard. 
At the end of Chapter VII are hints for the critical cartographical examination 
of a map. 


3. TYPES OF MAPS AND THEIR STUDY 


Ordnance maps is the name applied to various types of British maps 
produced by the Ordnance Survey, which is manned largely by Royal Engineers, 
but is under the Ministry of Agriculture and Fisheries Its Director is always a 
distinguished officer of the Royal Engineers Ordnance maps were first made in 
the eighteenth century, and were based on surveys by Engineer officers, being 
intended for military purposes, such as defence against invasion Chapters IV M 
V , VII., deal mainly with Ordnance maps, principally topographical ones and 
the larger -scale plans 

It is obvious that a large-scale map of even a small country would be very 
inconvenient for general use if printed on a single sheet of paper, and therefore 
such maps are produced on a senes of related sheets, each one of which deals with 
only part of the whole area. One type of Bheeta, such as those of the British 
Ordnance maps, lias rectangular bounding sheet-lines not related to the lines of 
latitude and longitude, so that sheets can generally be fitted together without 
much inconvenience, though sometimes neighbouring sheets overlap In another 
type of sheets the sides are straight, but the top and bottom are curved, being 
bounded by curved parallels of latitude These and the meridians are plotted 
for each sheet and only a limited number of sheets can be fitted together (see 
page 155) 

The possibilities and limitations of scale cause maps to fall into various classes, 
each with distm&fcrve characteristics The largest-scale maps are sometimes 
known as Cadastral maps. They are really plans. The very large scale allows 
full detail to be given, such as the boundaries of fields, individual buildings, etc , 
and therefore these maps are useful for purposes of taxation or to define property 
in legal documents The 6 inches and 26 inches to the mile Ordnance series are 
termed plans. 


L^fppographical maps are large-scale maps founded on precise surveys, and 
show considerable detail of natural and man-made features. They are not on so 
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large a scale as cadastral maps, and cannot show detailed property boundaries 
They are useful to motorists and walkers, to soldiers during manoeuvres and in 
wartime, and to geographers studying the regional geography of ah area in some 
detail The principal topographical maps of the Ordnance Survey are those on 
a scale of one inch, half- inch, and quarter-inch, respectively, to the mile For 
the geographer, probably the most valuable maps are topographical maps, and 
it is with their study that this hook largely deals. In a study of topographical 
maps it is necessary to examine the methods of representing relief and drainage, 
in order to obtain some idea of the physical featuies depicted Knowledge of 
the various methods of leprescntmg relief and ability to \isuahse a three 
dimension picture of what they represent is necessary (see Chapter IV ) 
Especially important is ability to lead contours, namely, lines on the map made 
up of all points winch in the actual country are the same height above sen-level 
A thorough grounding m some of the elementary principles of physical geography 
is indispensable if full advantage is to be derived from analysis of physical 
features shown on the topographical map A chapter (VI ) endeavours to 
explain a few points connected with physical features such as stream valleys 
Various symbols known as conventional signs are used bv the cartographer to 
represent natural features such as marshes and cliffs, man-made features such as 
roads, railways, buildings It is necessary to know them and to explain their 
presence, w hich can often be done by a consideration of the influence of physical 
features Conventional signs are dealt with in Chapter IV , and their application 
is often apparent in the analyses of typical Ordnance maps (Chapter VII.) Much 
of the study of topographical maps should be devoted to interpretation of laud 
forms and their influence on human geography, such as the distribution and 
character of settlements, and the development of communications 

Foreign Maps.— This book deals essentially with Butish maps, but after 
studying these the student may care to examine some foreign maps similar to 
them m scale and purpose, and to make comparison Foreign countries which 
use the metric system find a scale of one-inch to the mile inconvenient, and for 
maps corresponding to our one-inch senes have adopted a scale of I , 50,000, 
which is approximately one-and-a-quarter inches to the mile Approximately, a 
scale of 1 1 100,000 conesponds to our half-moh and a scale of 250,000 to our 
quarter inch. A scale of 80 000 (nearly f inch to the mile) is used on some maps, 
especially on a French senes Some foreign maps, particularly the French 
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' 1 ■ 50,000, show more varied detail than ours, and some show features which do 
not occur m Britain, as the glaciers -of Switzerland v 

An important map is the International map, which, with the co-operation of 
various countries, was designed to produce a unifoim map of the World, divided 
into sheets uniform m scale, size, shape, and style of drawing Chapter IV of 
Hinks’ Maps and Survey has a helpful description and criticism of the Inter- 
national map Chapter V deals with “ The maps of Europe, ’ and Chapter VI. 
with “ Other foreign maps”, both chapters give analyses of typical sheets on 
various scales of the official maps of foreign countries Fieneh, German. and 
Swi«h sheets on the scales noted above will repay study 

" Atlas Mats — Atlas maps aie on a smaller scale thuu topographical maps, 
and generally show details condensed and generalised from such maps Few 
atlases have a scale as large as 1 1 million (nearly Hi miles to the inch), but m 

The Times Surrey Alias of the World the maps of Fiance -and Germany, each 
tovenng several sheets, arc on this scale, and the British Isles sheet-maps of this 
atlas are on even a larger scale, namely 1 633,000 (10 miles to the inch) The 

Times Atlas maps are much larger than those of the ordinary school atlas It is 
a work of reference, and there are a few foreign atlases similar m scope 

To-day the best school atlases, despite their limitations of space and the 
necessity of keeping the price within a reasonable limit, are compiled on logical 
and scientific lines Maps of the world showing relief, vegetation, climatic data, 
or ocean currents, ought to be drawn on the most suitable projection, and though 
sometimes improvement could be suggested, a good modem atlas usually show's 
wise choice of projections The continents and the larger countries often have a 
physical map and a political map on opposite pages drawn on the same graticule 
and scale, so that the political map can be read m the light of physical factors 
Where two such majw are not deemed possible, boundaries, routes, railways, and 
other political details arc usually shown on a colour-layered relief map, and if 
some overcrowding does result, such a map is better than the purely political one. 
Some atlases give distributional maps, sometimes of ciops or natural vegetation, 
of occupations or mineral deposits, but such maps are not always based on 
quantitative statistical data and are too generalised t-o be anything more than a 
broad guide as to the location of, say, temperate grassland (often largely under 
cultivated crops), or the rice-lands or rubber plantations of the tropical zone 
It is not easy to make a good distributional map on a small scale 
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Distributional Mats — Maps which, with the aid of certain symbols or 
shading schemes show the distribution of crops Btock or people m a given area 
are known as Distributional maps'* Such maps dealing with crops stock or 
minerals are sometimes termed Commodity maps, The distribution may show 
actual figures generally expressed in round numbers or may show numbers of 
stock or people per square mile or per 1 000 acres or percentage of area under 
any spf cified crop In Chapter \ III tin \ arious methods of making distributional 
maps with their re^peotivi advantages and disadvantages are discussed 

v Wfathlr and C lima if Maps Each dav Weather maps are prepared for 
that day by the Meteorological Office in London from dati founded on observa 
tions made at various observing stations They deal mam lv with temperature 
pressure winds and rainfall and m addition to showing the general weather 
conditions of the British Isles and adjacent regions at a specified turn form the 
basis of a weather forecast for the succeeding twenty four hours \ anous 
symbols (see page 9 1 )) are given on each weather map to indicate certnn aspects 
of weather Study of weather maps indudes al lhtj to lead them and to descub 
the current weather conditions as well is to suggest likdy levclopmcnts m the 
near future Weather maps dealing with their own local conditions are issued 
by the larger Liu opc an countries the Lmtc d btates of Amenca Canada Australia 
etc If a few specimens of any such maps (an be obtained much benefit will 
result from their study and comparison with the British maps 

Weather maps leal with conditions at a spe cified mstant of time Climate maps 
with the sum total of weather conditions spread over a longer period for instance 
a month or a year Tht data for we ither maps art absolute that is conditions 
which wc le actually observ ed at the time m que si i m Climatic data art generally 
averages for a considerable number of ytars or months as the case mav be A 
map showing January temperatures would bt based on the average figures f ir 
the Januaries of as man} years as possible A mean annual rainfall map would 
be based on the average rainfall of many years A weather map usually shows 
the various elements of weather on the same map for insta nce, temperature, 
pleasu re, . w mds L rainfall A climatic map is more specialised that is there are 
geneially separate maps for temperature, pressure rainfall etc Given a set of 
suoh maps for January and July usually (m the Northern Hemisphere) the 
coldest and hottest months, or better still for January July, October, and 
April representative of each season it is possible to build up a generalised 
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description of the climate of a region Weather may be compared with the news 
in a daily newspaper, climate with the summary of a year’s events. 

Publication of British weather maps was suspended during the War of ]_9 |4-1& »« 
and again in 1939, and the subsequent war years. 

V^eological Maps. — Some maps show the distribution of different rocks, 
usually m combination with contours, so that they guide us in interpreting 
physical features and m tracing their evolution such maps are called Geological \ 
maps. They are useful aids m the study of physical geography Chapter XVIII. 
is a very elementary guide to the reading of some of the more common features 
of such maps Geological maps of newly developed colonies are very important 
as guides to mineral wealth and soi^" Government geologists, on whose surveys 
such maps are based, perform very valuable woik, especially where mineral 
deposits or artesian water may make all the difference between a district being 
developed and settled or left derelict Geological maps should be made on the 
basis of topographical maps The geological data of such maps must be inserted 
upon a previously constructed topographical map. 

’ 'National Atlas —The Ordnance Survey have a series of maps entitled the 
“ National Atlas ” They are on the scale of 1 625,000, or approximately 
10 miles to the mch. Great Britain is covered by two sheets {a) Scotland, with 
that part of England north of Kendal (6) remainder of England with Wales 
The series includes a topographical base map for (a) and (b), and maps covering 
some particular aspect of geography Sepaiate maps deal with administrative 
areas, topography, physical features, solid geology, drift geology, igneous and 
metamoiphic rocks, limestones sandstones, sand and gravel, each of these 
formations being assigned a separate map, land utilisation, land classification ; 
grasslands types of farmmg, electricity transmission lines, electricity supply 
areas, coal and iron , iron and Btcel , loads, ports, population density , popula- 
tion changes based on the census of 1921 and 1931, and estimates for 1939. 

Most of these maps have been specially prepared under the direction of Dr. 

E C Willatts m the Maps Office of the Ministry of Town and Country Planning, 
and m the Maps Oflice of the Department of Health for Scotland, but some 
have been compiled by other departments or research organisations 

The two Maps Offices have intensively examined a great amount of information, 
much of it unpublished, and charted the results on large-scale manuscript maps, 
from which has been drawn the above series of “ National Atlas ” maps. 
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SCALES THEIR MEANING, USE, AND CONSTRUCTION 

1. THE MEANING OF SCALE 

Scale has the meaning of a latio It signifies the proportion which a length 
on the map bears to actual distance on the ground To speak of the scale of 
one inch to a mile means that if wo measure one inch as the distance between 
two churches shown on the map, this distance would be a mile in the actual 
country 

If the earth were perfec-Ll) flat, such a definition would apply without any 
qualification The earth, however, is not flat On a small globe try to paste a 
tiny piece of paper to cover, say, Denmark. It would probably not pucker and 
would remain flat Now try to cover Europe or the Americas with a larger piece 
of paper This would show wrinkles and creases, and might require folding to 
make it fit on the globe Small-scale maps of large aioas suffer most from 
errors of scale, and large-scale maps of small areas least, m fact, very little for 
practical purposes 

It is not possible that the scale of any map should he correct m all directions 
Some projections, however, give cor-cct scale in certain directions, as along 
particular parallels and meridians. On other parts of the map the wale may 
not be true 

In determining scales it is necessary to bear in mind tbc purpose for which 
the map is intended, as well as the amount and the character of the detail to be 
shown Town plans loquire a largo scale m order to show' the outline of buildings 
An atlas map designed to show the general distribution of high land and low 
land need not be on so large a scale 

2. USE OF SCALES 

It is essential that on any plan or map there should be some indication of the 
scale m order that distances may be easily calculated There are various ways 
of indicating scale In British maps the scale is indicated by one of two common 
methods 

(1) By direct statement of so many inches to a mile or so many miles to the inch. 
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(2) By use of a fraction whose nuni£j&.toi, J , indicates the length on the map, 
and whose denominator indicates the length in the actual country Thus the 
fraction sometimes written 1 63,360, indicates the scale of one inch to a 

mile There are 63,360 inches in a mile, and the fraction signifies that one inch 
on the map ropiesents 63,360 inches m the real country. Such a fraction is 
called t h J&efpr esentata ve Fraction. This method is very useful where a map 
may be consulted by people outside the country for which it is primarily intended 
A Frenchman unfamiliar with English ineasuies might not be very confident m 
calculating distances from a map which was labelled with a scale of six inches to 
a mile But tell him that the scale of this map is 10 g 60 and he can use it readily, 
because tins method is employed for his own country’s maps He would not 
think m English measure, but m metres, with the decimal notation to which he is 
accustomed Thus, to a Frenchman would mean 1 cm to 10,560 cm , etc. 

The following simple rules arc useful — 

(1) Given the Representative Fraction , to find (a) the number of 'incite* to the 
mile, (b) the number oj miles to an well 

(a) Divide 63,360 by the denominator of the fraction, 
c g if B.F is 10 ^ 00 then — 6 33G (6 31 approx ) inches to 1 mile 

(l>) Divide the denominator of the fraction In 63,360, 

e 9 '< If V m then “*"/ r, nnlos to 1 met, 

(2) Given the number of miles, to the inch, to find the Representative Find ion 

Multiply 63,360 by the number of nnlcs to the mch in the given scale, and 

you will have the denommatoi of the R.F , e q. 4 miles to the inch 

= 1 63,360 x U^-RF 

(3) Given the number of inches to the mile, to find the Representative Fraction. 

Divide 63,360 by the number of inches to the mile in the scale, and you will 
have the denominator of the II F 
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E.g. If the scale is 4 inches to the mile, denominator of R F. is 
= 15,840, and R.F is 15 ^. 

It is convenient to note the following tables — 


It F FROM ScAIE 

RF. 


1 Scale- Inches to 
i the Mile 


253440 

1 

120720 

1 

63360 

1 

10600 


Scale fiiom TC.F 

RF 

Scale-Inches to 
j the Mile. 

1 

ioooo 

! 0 34 

j (approx ) 

60000 

j 1 27 

R F 

1 Scale-Miles to 
| the Inch 

1 

! i ooooo 

1 58 

i 

250000 

i 3 ” 

1 

500000 

7 80 


3. PLAIN SCALES 

On maps, in addition to the statement of scale or indication of the Representative 
Fraction it is convenient to give what is known as a plain or linear scale. This 
is merely a line conveniently subdivided so that distances on the map can easily 
be read from it by using a piece of cotton or dividers A plam scale should 
be long enough for measurements to be reckoned from it easily, and it should 
represent a convenient round number of the unit selected so that subdivision is 
facilitated 

EXAMPLE 

Construct a plain scale for 6 ml. to the inch (See Fig. 1.) 

By the given scale 5 in. represents 30 ml., giving six primaries, Take another 
5 ml to divide amongst the secondaries 
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If 5 in represent 30 ml., we must determine how many inches represent 
30 + 5 = 35 ml , ».e. 35 * 5 = 5 83 in 

Draw a line AB, 5 83 in long, divide it into seven parts, and subdivide the 
left-hand side part into 5 smaller parts of 1 ml each The method is as follows . — 

From A draw AC rather longer than AB and making an angle not more 
than 30° with AB (a larger angle might lead to inconvenience in drawing) On 
AC, with dividers, from A mark 7 points m, n, etc, (the same number as the 
required divisions of AB) at equal distances, which may he approximately h of AB 
Join t, the last point, 
to B, and from the other 
points draw lines parallel 
to tB These parallel 
lines cut AB and give 
the required divisions 

The first division can 
be subdivided into 5 equal 
pints by the method 
indicated 

Some people think 
a graphical method of 
drawing a scale unneces- 
sary If they wished to 
show, saw 2,100 yards 
on a scale of 5 m to 
1 mile, they would 

possibly work the sum 2 -y^ 0 '* — 5 90, and then make use of a suitable ruler 

A diagonal scale is given on some protrac tors and rulers Its use w r ilJ he seen from 
Fig. 2. When the dividers are in the position air', it is obvious that the measure- 
ment is 1 inch and nine-tenths, * e. 1*9 If we move the divider points x, x', one 
space up, it becomes 1 91, two spaces up 1-92, three spaces up 1*93, and so on. 
When they are m position yy', the measurement is seen to be more than 2-5 m , 
but less than 2-6 in The divider point y is on the sixth horizontal hue from the 
bottom, hence the measurement is 2 56 m The distance to represent every 100 
yards of the scale noted in the preceding paragraph is 5-96 divided by 21 = 0 28 



Mao, 


Fir 1 To Divide a Line, 5 S3 In Long, into 7 Equal 
Parts to Hive a Plain Noai r to show t> Ml to iiu' Inch 
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approximately. For this, the positions of the divider points are indicated by 
crosses on the diagram 

Reduction and enlargement of maps will emphasise the significance and the 
limitations of scales. Not only is leas detail possible on a small-scale map, but 


y y 



the details, notably rivers and roads, must be shown m a very generalised way, 
and frequently of a size out of proportion to the scale 

It is interesting to reduce maps to a smaller scale and to see how far the 
detail can be retained without sacrifice of legibility The method is quite simple 
Take the two scales to represent a fraction, thus 
Old scale 
New scale 

Divide the original large-scale map into squares of, say, one inch side, and draw 
a new outline with similar arrangement of squares, the sides of which must he 

1 of the original Then sketch m as much detail as possible. 
x 

To enlarge a map, each square m the new outline will be x times that of the 
original Sketch in detail as above. 

Throughout this chapter the use of the word “ scale ” has been applied to 
horizontal scale. 



CIIAPTEK III 

THE VARIOUS USES OF MAPS IN THE FIELD 

1 USES OF MAPS 

(j!i\ en a map, it us well to ask • “ W liat are its uses, and by whom is it likely 
to be used ? ’’ Different people will assign different values to large-scale topo- 
graplueal maps To the touimg motorist, the most pionunent features will be 
the roads and the towns or v lllages where a halt may be made at some suitable 
hotel The mountain climber may be most interested m contours as depicting 
the beighls to be conquered The soldier, during m anoe uvres or m wartime, is 
concerned with topographical information likely to he useful while on tko inarch, 
or asa guide to bivouui , lover or site for entrenching work swws»/i'j 

sikIi users of maps are mainly concerned with use in the open air, in the 
actual country mapped, and there are ccitam elementary principles which they 
must observe if full benefit is to be derived from their maps, A knowledge of 
the use and application of scales 1 is necessan , as well as familiarity with the 
conventional signs 2 which indicate various feature's Methods of showing relief 3 
or difference between high and low land must be understood and interpreted. 

From the academic point of view of a university studeut in the map-room, 
there are several other aspects of the map He w r ill make much use of maps m 
outdoor excursion work, m connection with his practical map work course, and as 
a,n aid to reahstie study of physical geography and geomorphology He must 
be familiar with the punciples and methods winch underlie the making of maps, 
and he must be aide to use them praetic ally In many respects, though adapted 
to his own particular needs his outlook will resemble that of the motorist, the 
w ilking tourist, or the soldier He must be able to find his way from place to 
place, and to recognise vaiious features, especially those which are associated with 
physical geography But his outlook is based on deeper foundations titan that 
of the mere user of maps He must be sc. familiar with maps and what they 
signify that, m the map-room or study, a topographical relief map will enable him 
to visualise the actual country depicted on the map. 

i See page 8. * See i»age 24 * St e page 1(1 
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Maps have been termed “the geographer’s shorthand,” and a geographer 
should be able to transcribe and to interpret the whole of the notes comprised in 
such shorthand. Given an Ordnance map, he must readily (1) suggest suitable 
physical divisions, (2) trace the relation between physical features and the develop- 
ment of human settlement, and (3) possibly bmld up a synthetic geographical 
description of the area. 

We shall suggest how these and other aspects of map study may be 
developed. 


2. SETTING A MAP 

A somewhat mechanical, but very important, aspect of map-using is ability 
to identify our position m the country in relation to the position on the map 
corresponding to our actual location To do this properly is to be proficient m 
what is known as setting the map. 

To set a map is to adjust it so that the North point of the map corresponds with 
North in the actual country. Here it is desirable to consider the meaning of 
bearing and to note the difference between true North and magnetic North. 

The bearing of an object refers to its direction with reference to the 
observer It is measured by the angle formed by (1) a fixed line through 
the observer's position, and (2) a line from the observer’s position to the 
object observed It should be very carefully noted that bearings aie 
taken from the North, and m the same direction as that m which the hands of a 
clock move. Stated more formally, this can be expressed by saying that ally 
bearing is measured in a clockwise direction, and it is obvious that this cannot 
exceed 360°, the number of degrees m a circle. 

A true bearing is the angle which a lme from the observer’s position to the 
object observed makes with the true North-Soulh lme A magnetic bearing is 
the angle which a lme from the observer's position to the object observed makes 
with the magnetic North-South line at the place. Both true and magnetio 
bearings conform to the general rule for measuring bearings in a clockwise 
direction. 

It is necessary to explain the meaning of magwtic North-South lme. The 
magnetic compass needle does not point to true North, but to what is known 
as the magnetic North Pole. This is not a fixed point. It moves very slowly 
from day to day and year to year. The angle between the true and magnetic 
North-South lines is known as variation of the compass, or magnetic variation, 
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but is not the same at all places The angle a in Fig, 3 represents this variation 
or declination of the compass west of the true North-South line, and if it is 
known it is easy to convert true bearings into magnetic bearings or vice 



Fig a Tju.tr and 
Magnwtccj Nobth- 
Sodth Line 


Fig 4 To Obtain True 
Bearing from a Map 
To find bearing of church tower 
(’ from point on bridge B 
where the observer stands, 
draw a true North-South line 
through the position of the 
bridge (B) on the map J om 
B to the position of the 
eh urch (C). With protraetor 
(ehuwn bv dotted line) read 
angle NBC, which is 1 20° and 
is the forward bearing from 
the bridge to the church 
tower. 


Fig 5 To Obtain Tarn 
Bearing from a Mat 
To iind the bearing of the bridge 
(li) from the church (C) draw 
the true North -South line 
through C and join the 
position of the church (C) to 
that, of the bridge (B) Read 
the angle SOB—- 120° and add 
to 180“ (representing the 
straight angle NC'.S = half a 
complete turn) This gives 
300° as the bearing of the 
bridge from the church 
Note that all bearings must be 
reckoned clockwise from the 


versa. In Britain declination is mst. To convert true bearings into magnetic 
bearings, add the variation, to convert magnetic into true bearings, subtract 
the variation. 

Maps showing tbe magnetic North-South line usually say for what year the 
declination is reckoned, and thus up-to-date correction is possible In 1946 
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decimation varied from about 8° m extreme 8 E. England to about 15° in the 
northern Hebrides It us decreasing by about-] O' annually 

The recording of magnetic variation was formerly done at Greenwich 
Observatory, but m 1925 the work of recording earth magnetism was transferred 
to Abinger, near Dorking in Surrey 

Bearings are read with the Prismatic Compass on 
the ground, but from a map true bearings can be 
obtained with a protractor by the method noted in 
Fig. 4 Bearings from the observer to .any object m 
the field are known as forward bearingsV Bearings from 
the object to the observer are termed back beanngsy 
To obtain back bearings, if the bearing is less 
than 180° add 180°, if the bearing vs greater than 
180° subtract 180° (See Fig 6.) 

3 METHODS OF SETTING A MAP 

Four methods of setting a map are given below • — 
(1) By Compass — North, both true and magnetic 
(see page 14) is generally shown near the top right- 
hand cornei of British topographical maps Lav the 
map flat on the ground and plat e the compass on the 
map so that its axis, the 0°-180° line, is on the 
magnetic North-South line Then gently rotate the 
map until the magnetic North-South line coincides 
with the compass needle If magnetic Noith is not 
shown on the map used, it may be possible, to 
determine it if you know the variation of your com- 
pass for the place If the top of the map represents 
true North, by means of a protractor it is possible to 
make with the true North-South line an angle representing your compass variation 
at the place The arms of this angle aie respectively the true and magnetic North- 
South lines Having thus found the magnetic North-South line, you proceed as 
described above. If a protractor is not available, lay the compass along the true 
North-South line on the map, and rotate the map until the compass needle is the same 
number of degrees east or west of the true North-South hue as represent the variation. 



Fig 0 Im VTHATION OF lUl’k 
Bearings and the Con 

■VERSION OF FoRWARO INTO 

Back Bearings 
Through C draw N,CS, parallel 
to NS Foiw/iul bearing of 
0 from B is 120° (\ e angle 
NBC) Forward bearing of 
B from 0 is reflex angle 
N,CB — dOO 0 , but this is tho 
bark bearing of C from B. 
and is equal to 180° 4- 12U J 
(te 100" | angle BCS,) 
Because N,S, is parallel to NS, 
angle BCSj -■= angle NBC 
This can be applied to Fig 5 
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(2) By the Sun — Assume the Sun at noon is due south m the N. 
Hemisphere, and m relation to a circle changes its position 15° per hour. Find 
the correct time of day, being careful to make adjustment when “ summer 
time ” is in operation Then, with a piotrartor mark off with the North-South 
line measuring clockwise from north an angle containing 
15° for every hour after midnight At the end of the line, 
thus made, stick up a large pm or hold a pencil vertically 
Turn the map until the shadow of pm or pencil is cast 
on this line, and the map is set. (See Fig 7 ) 

True South can be approximately found at any time 
during the day when the Sun is observable, and thus 
North can be determined A watch showing local time 
is required Hold the watch face upwards in a 
horizontal position on the palm of the hand, and turn 
the watch until the hour hand points to the Sun 
The line bisecting the angle made by the hour hand and 
a line from the dial centre to twelve o'clock points to 
South This applies to the Northern Hemisphere 
(See Fig 8 ) For the Southern Hemisphere, if a line 

joining the dial centre to tw< .lock is pointed at Ijet Ns be thc North . Routh 
the Sun, the bisector of the angle made by this Jim 
and the hour hand points to North (See Fig 9 ) 

Limitations of the above methods should be recog 
nised Only at the equinoxes does the sun changt 
position uniformly at 15° per hour 

(3) By Comparison \wrn Straight Lengths 
Features — These should be easily identifiable features, 
such as a road, railway, canal or other watercourse, e g the road or railway from 
Draycott to Cheddar on the map facmg page 32, or the straight length of the River 
Yeo on the same map. The map should be held so that the feature on it is as 
nearly as possible parallel to the feature in the field Then North on the map 
should be noted, and the direction of North in the country taken accordingly. 

(4) By Association ow Features on the Map and in the Country —Select 
two prominent features depicted on the map, such as a church spire and a railway 
bridge. Lay a pencil or ruler on the map to connect the two features, and turn 


line If it IB 4 pm o'clock 
make the angle NBC 
240’ < I f> ’ for every hour 
after nudmght) At 0 
hold pencil vertieally, 
rotate map until shadow 
of pencil ir shown on the 
line CB, then NS is m 
tmo position 
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the map until the pencil is parallel to the imaginary line joining the features in* 
the actual country North is now easily determined by comparison with the 
North point on the map, which can thus be set with reasonable correctness 
When a map is set, features on it and m the actual country are m their relative 
positions but it must be remembered that the map is on a comparatively small 
scale, and that the estimation of actual distance is not ah ays easy. 


'\MZ SUM 

''m' 



Having set. the map. it. is desnablc to identify your posilion on it With a 
good topograph nul map on a reasonably large stale, say one inch or half an 
inch to the mile, this is not difficult in ordinary inhabited country such as East 
Anglia, where villages are numerous, and where features such as cross-roads, 
churches, woods, assist identification In mountainous or open moorland country 
w r herc there are tew features denoted by the ordinary conventional signs, exact 
determination of youi position is less e,i6y, and it may be necessary to employ the 
methods known as jesection and adjustment, which are explained in Chapter 
XV , dealing with plane-tabling, an aspect of survey W'ork, At present you need 
not trouble to understand these methods. 



CHAPTER IV 


PRELIMINARIES TO MAP READING TYPES OF ORDNANCE MAPS 

1. METHODS OF SHOWING RELIEF 

Contours — A contom is a line made up of all points hav ing t he same 
altitude above mean sea lev el It repiesents th(‘ line of mler.sej.Jion between a 
horizontal plane mid the mu face of the country ""Complete contours must be 
Regarded as closed curves, which cannot cut each oilier If the ground is very 
! "steep, contours may c envoi gc to give a single line, and may run together as such 
to represent a \oiv steep slope, but they will diveige, when the slope becomes 
gentler The level i ('presented by one converging line is vertically above the 
othei on the actual cliff lienee super position of one contour on the other on 
the map is logic ul 

Contours aie the results of survey with mstruments which give the height 
above sen-level oi ceitaiu ponds observed on the ground {See Chapter XVII ) 
Such are not a I wavs the highest, pints of a ridge or hill, but ran be on the floor 
or slopes of a valley, when* it mav be necessary to have absolute heights as a 
guide to ac c urate eontommg Sometimes, on the map line-, are slcetc he'd approxi- 
mately between contours based on actual observation with mstiimieiits, and arc 
known as form lmes To some extent they may assist map leading where actna 
contours do not exist, but ihev are only approximate, and might be misleading 
it well-developed minor fen tines oeeui in the country between what are positions 
of contours on flic map Korin lines are generally biok< n, vvhoieas contours are 
continuous 

Contours are the most important means of showing iclicf, and form the basis 
of most other methods used tor this purpose Most maps of the Official Surveys 
of Britain, her colonies, and of the puneipal European countries use contours. 
Exceptions are voiy small-scale maps and v cry large-scale maps intended pmnanlv 
for estate purposes or as town plans British maps use the Foot as the unit of 
the vertical interval, ic the interval between successive contours, but most 
foreign countries employ the metie. Great variety of interval is employed and 
frequently certain contours say, every fifth or tenth contom, are thickened to 
facilitate reading Examples are British, IT S A , (Swiss, and French maps for 
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regions with considerable altitude. Most contoured maps show a goodly number 
of isolated spot heights, which are of great assistance m helping the visualisation 
of minor features. 

Contours should be numbered so that the figures are on the upper side of the 
contour This method enables uphill and downhill readings to be made more 
easily On some of the latest Ordnance maps, numbers are inserted in “ broken ” 
contours, a method less easy to read than that named above. 

Bench Marks —Marks, known as bench marks, are placed on buildings, 
walls, etc , recording their height as determined m levelling operations. Formerly 
bench marks were cut into the actual bnck or stone. Now they are cut on 
bronze plates let into the wall and flush with its suiface The height iefers to the 
bench mark and not to the ground, so is not the same as a spot height 

Trigonometrical Stations — These are sometimes shown with their height 
They are points on the earth’s surface where angles of a triangulation (sec Chapter 
XIV.) are measured A tnangulation is a survey which divides a country into 
triangles for the purpose of survey Trigonometrical stations are shown by 
a small triangle on one-inch maps, and on six-inch and twentv-five-inch plans 
Sj>ot heights without this tuangle are n ot trigonometrical stations 

Hill-Shading — A light is linagmed to be over the region and to cast shadow in 
some parts, to illuminate others. One method imagines that the light is vertical over 
the land, and that the steepest slopes are lit up the least Thus the sides of hills 
and mountains are shaded dark, wrhile relatively flat land, such as valley bottoms, 
plateaux, hill-tops, and mountain peaks, is of lighter tint Another method 
imagines that the light shines from the north-West-wf the area, thus casting shadow 
over the eastern and southern slopes of higher land Hill-sbadmg does not show 
absolute heights. Relative heights are not very clearly indicated, nor are gradients, 
wduch are so w ell shown by contour lines Usually it is not easy to determine from 
hill-shadmg what is uphill and what downhill The same drawback is associated 
with bachures Hill -shading does, however, give a general idea of the relief of a 
country, and is suitable for smaller-scale maps, as the four miles to the inch, 
and the ten miles to the inch of the British Ordnance Survey. 

Hachures —These are short hnes which are supposed to indicate the direction 
water would take if flowing from high ground to low. For steep slopes the hachures 
are closely spaced , for gentle slopes they are wider apart and are thin, but flat ground 
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is not shaded in any way. It is necessary in hachured maps to have plenty of spot 
heights m order to ascertain the approximate altitude Haehunng does not clearly 
indicate absolute heights, and this limitation, as well as the drawback of closely- 
packed and not very legible hachures in mountainous country, has made the method 
lose favour with modern map-makers It was one of the earliest methods of 
showing relief, and was favoured by Napoleon Buonaparte It was used on 
most standard maps during the nineteenth century, and some of these older 
standard maps are still in use. notably the 1 80,000 map of France 

Contours are sometimes supplemented by haehunng or by hill -shading, the 
auxiliary methods being useful to show minor features which would be lost if 
only contours were used, especially when the contour interval is fairly large. 
The British one-inch and half-inch maps have editions where haehunng and hill- 
shad mg are respectively combined with contours 

Layer Tinis — Either colours or different methods of black and white shading 
are used in combination with contours, especially in atlas maps Examples of 
the method for larger- scale maps are the famous International map on the scale 
of 1 : 1,000,000, and certain Ini'er-tmted Ordnance maps, especially the layered 
quarter-inch and half-inch maps Various shades of green for low, brown for 
higher, and pink for very high land are used m the colour method A great 
advantage of the method is that distribution of high and low land can be readily 
grasped. Objections are that m very high country tints may be so dark as to 
make the insertion of legible detail impossible When contours am very close, 
layer tints do not conduce to clarity. The layer method is very useful for showing 
on small-scale maps the absolute and relative heights of the principal physical 
features. 

2. ONE-INCH ORDNANCE MAPS 

Probably the most familiar Ordnance map is that on a scale of one inch to the 
mile, or representative fraction 1 63,360. There are various stylos and editions of 
this map That of 1931 is termed the Fifth (Relief) Edition The contours are 
for intervals of 50 ft , and by means of lull-shading and layered tints, the 
appearance of a model with three dimensions is secured Sheets of the Fifth 
Edition were also produced without the hill-shading and layered tints. The 
New Popular (Sixth) Edition (published 1946-7) differs m a few symbols, but 
mainly in including the National Grid system for reference (see p. 154). An 
Example of this map is given opposite p 24. 
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Previous to 1892 the Ordnance maps were printed in black, with the exception 
of brown liachures, but in 1892 a new edition was produced, in which streams 
and other water features were in blue, the roads in brown contours iu red, with 
brown liachures. This edition lusted until the issue of the Popular (Fourth) Edition . 

After the War of 1911-18 the Popular Edition was published Legibility was 
a mam consideration, certain details of previous editions, such as hacliuics, being 
omitted with a \iew to avoiding overcrowding Contours with fiO ft intervals 
were lutioduccd, and oousideiuble care was taken to make the relief featuies 
prominent and easy to lead Judicious use was made of colour, especially with 
respect to rivers, woods, and roads, but the roads were avidly coloured, and thus 
made more prominent than railways, which, peihaps, was not a bad thing from 
the practical standpoint, as Ordnance map use is generalh wish to know mote 
about roads than about laihvav mutes » 

On the ament one-inch maps, towns, villages, hamlets, isolated farmsteads, 
roads, footpaths, railways, stations, woods, parks, and (ouiitiy seats, nveis, 
canals, lakes, count) and paush boundaries are shown with many features 
applicable to certain districts, such as chits along the coast as at Plight on and 
Flamborough, beacons along parts of the coast, wmdpumps for raising water in 
dry regions such as chalk country 

Some huge sheet tourist edition maps on a scale of one inch to the mile are 
obtainable Those for the English Lake Dint net, the Peak Distiid of Derbyshire 1 , 
and the Trossachs of Scotland are specially re< otnmendecl tor study They afford 
good practice in the study of relief features of considerable \ arret v and the general 
geographical aspect of these regions is varied They combine colour layering 
with contours 

3. HALF-INCH AND QUARTER-INCH ORDNANCE MAPS 

The amallci -scale maps, namely the so-c ailed quarter-mch and half inch maps, 
on a scale of four miles and two miles to the inch respectively, aie on the lines of 
the one-inch maps, but the lelief is not shown in such clear detail, and other 
features are on a smallei scale. They are, however, useful maps, and should be 
studied along w ith the one-inch maps This will enable comparison to be made and 
will give exercise in the appreciation of the purpose of scales Relief is indicated 
by means of contours and layer colouring, water features are shown m blue. 

The large sheets of the revised Fourth Edition of the quarter-inch maps give 
a very graphic general picture of a considerable extent of country. Sheet 6, 
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which is entitled ‘‘North Midlands and Lincolnshire,” includes Leeds and 
Bradford in the north, Burnley, Manchester. and Stafford in the west, Leicestei 
and Oakham m the south, Kind’s Lynn, (Jiimsby, and Hull in the east, and 
thus affords excellent eon trust between the higher land of the 1‘enmne-Peak 
region and the lowlands of the Fens and eoa.st.il marshland The black of the 
habitations stands out very c learlv, especially in the larger towns, which, with the 
vmdlv coloured io.uk, dlustrale the meaning of nodahty Continuation of the 
loads, with then Ministry ol Transport nurnbcis and indication of direction in 
the maigin off the map is a \ery useful feature 

There is an excellent Ordnance Survey Atlas of England and Wales and one of 
Scotland in w hie h maps based on the cpiaTter-uich sheets of the layered edition aie 
mounted and bound m atlas form, w it h a sere h eable index Tlnssc 1 atlases are ratliei 
< oxth , <ind not exervorie desires or can afford sheets covering the whole ( ountry 

4. ’‘'MEDIUM AND LARGE-SCALE SHEETS. (Examples opposite page A) 

01 medi mu-scale sheets, the si\-hk h senes is \erv useful and well known 
Coiitoms uj) to ] ,(M)U feet are at 50 ft liitenals, but above 1,000 lec't the 2.10 ft 
xeitical is used The contours aie shown m red Contours at DO and 100 ft 
vertical intervals w cue determined by actual suivev with instruments, but ui sonic; 
sheets, notably feu icitaui counties in northern England and southern Scotland, 
sketched contours, or form lines, foi 2D It intervals aie inserted These maps arc* 
not coloured, and because* of the black printing, features sometimes arc not easy 
to follow without considerable practice 

Maps on a scale of 2D me lie's to the liuh arc intended to give Ibc detail of a 
plan, and are uselul to the landowner and farmer Field boundaries aie clearly 
shown, and some* sheets indicate the area of enclosures The map i.x published 
for the cultivated districts ol (treat Britain and the fact that it is not available* 
for uncultivated disine Is explains ds function The 23-inch plan shows hedges 
and fences, hut the* real boundary of property is often some little distance* beyond 
the hedge Hence this is not literally a cadastral map m the same sense as a 
French cadastre, although it is frequently known as a cadastral map 

Sheets on a scale such as 00 inches to the mile m a scale of 1 300 ( _ 120 7 
inches to the mile) are really plans, and are issued lor towms onlv The largest 
scale is sufficient to show details of buildings such as thickness of walk, with 
levels along the principal streets Features connected with public service, such 
* The 0 K now fcorrn the* me h (we p 25) and b inch kthv, ' medium ’ si ale i heels 
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as water-supply, lighting, and drainage, are shown, for example, hydrants, 
lampposts, manholes, gulleys. 

Six-inch and 25-mch plans are given (facing page 8), and it will be 
seen that relatively few features are shown on these compared with the one- 
inch map A noticeable feature is the held boundary. This is particularly well 
shown on the 25-inch specimen The fields are numbered for reference, and 
the acreage is shown. The continuous line of dots m the south-east corner 
of the map represents the line of a hedge The double parallel lines denote 
a road or footpath (marked F P ). The buildings are clearly shown to scale, and 
the symbols for trees are sufficiently large to enable clear distinction to be made 
between conifers and deciduous trees This is a neat little map of a complete 
economic unit, a farmstead 

On the 6-mch plan, fields are shown, but in less detail than m the 25 inch 
plan, which serves admirably for estate plaDS The 6-inch plan shows contouis 
m red, features not included on the larger-scale map The slopes can be traced, 
and sections might be drawn, say, (1) from the quarry m the S E of the map to 
the lycli gate in the west, (2) along a north-south hne drawn along the centre of 
the map. Note the stippling to indicate park land, and the symbols for the trees. 

5. CONVENTIONAL SIGNS 

To aid legibility in map reading, it is necessary to employ distinctive symbols 
for various features, and to make use of different types of lettering for different 
purposes. These symbols and methods of lettering are set out in what is known 
as the Characteristic Sheet of the Conventional Signs and Writing, used for the 
various types of Ordnance maps They differ somewhat for each type For 
example, more symbols for certain purposes are used for the one-inch map than 
for the six-mch plan, and symbols for the same feature are not always the same 
on both series 

In connection with conventional signs use is made of colours and symbols. 
On many maps streams are blue, woods are green, and roads are red. Such 
colours at once give a clue to the features depicted Methods for showing relief 
deal mainly with physical features, especially land forms. There are numerous 
symbols to indicate man-made features, such as roads, railways, canals, bridges, 
aqueducts, churches, windmills, water-pumps, beacons, lighthouses, houses, and 
otherlmildings 
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Such conventional signs are shown on what is termed a characteristic sheet, 
and some arc given on the margin of the official maps (See Figs 10 to 12 ) 
They are best learnt by constant practice m interpretation and application. 
Popular and easily understood descriptions of the British Ordnance Survey maps 
are contained in official publications issued by the Ordnance Survey Department 
These should be obtained, as well as Index Sheets of the maps on the scale which 
it is intended to use From these Index Sheets it is possible to identify the map 
of any particular region and to gauge its extent 

The one-inch map is widely used for ordinary purposes, and is generally 
selected for examination questions dealing with map interpretation and analysis 
Therefore it will be advisable to pioeure the characteristic sheet for the New 
(Sixth) Popular Edition (1940) one-mcli map of Great Britain, and to study it 
carefully Until jou are familiar with the various symbol, always have it by 
vour side when studying the map, and from tunc to time refer to it for revision. 
Excerpts from the characteristic sheet are printed in the margin of Ordnance 
maps, but they do not show all symbols, nor do they emphasise tbe significance 
of vauous kinds of lettering 

A new Ordnance Survev map, known as the 2| inch map, uses a scale of 
1 25,000 It is ideal for regional survey and for study of the countryside. 

Contours are brown and die broken in built-up areas They are for 25, 50, 100 ft , 
and then with V I 100 ft Trigonometrical stations aie shown on churcheB, 
chimneys, or other buildings Paiish boundaries are given and they will not bo 
confused with footpaths, as dots wider apart are used Ministry of Transport 
Class A roads have continuous brown lines, Class B roads disconnected brown 
lines and m both cases distinction is made between fenced and unfenced roads 
There are also other roads, fenced and untenced, not accepted by the Ministry of 
Transport, they are uneoloured Multiple track and single track and narrow 
gauge railways are indicated by the usual symbols Electricity transmission 
bnes and pipe-lines (oil and water) are indicated, and on the first-named pylons 
are shown Streams, lakes and ponds are depicted in a legible blue, pumps, 
wells, springs, and blow wells are shown There are symbols for turze, marsh, 
reeds, osier beds, rough pasture, heath and moor, and watercress beds are named. 
Distinction is drawn between fenced and unfcnced, deciduous and coniferous 
woods, and orchards are shown In built-up areas the general outlines of 
buildings and streets are clear The various topographical symbols, such as 
bridges, embankments, cuttings, are very clear. 
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Fig 11 Symbols Used on the 6-Inch Plan of the Ordnance Survey. 
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Altitudes with the letters B M marked + against them, refer to marks made on Buildings Walls, Milestoi 
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The Land Utilisation Mail- An interesting adaptation lias been made of 
the one-inch Ordnance Survey map Some sheets have been issued to show the 
cartographical results of a Land Utilisation Sun ey directed by Dr Dudley Stamp, 
the object of the Survey, in the words of its Director, being *’ to make a complete 
record over the whole of Britain of the uses to which the land is put at the 
present tune ” 

The basis of the special Land Utilisation map is the one-inch map (Popular 
Edition) on which additional information is printed in six colours A distinctive letter 
symbol is used with each colour, Daik green (F) is used for forest and v oodland , light, 
green (M) for permanent grass and meadow, brown (A) for arable land, yellow 
(H) for heath, moorland, commons, and rough pasture , puiple (G) for allotments, 
guldens, and orchards, red (W) for land of no agi (cultural value The method 
is eusv to follow, and the ordinary details of the map can be read quite easily, 
though the added tolom tends to obscure the relief featuies Those can, 
howe\or he lead Two interesting maps aie the One-Inch Sheet No 114, 
Windsor covering the region south-west of London, and Sheet No 112, Isle 
of Wight, including aKo part of the New Forest and Portsmouth They arc 
examples of two contrasted areas the one typically urban and suburban, the 
othei laurel) rnial 

T1k> Land Utilisation map, as well as being of interest to contemporary 
geographers should not be without histoncal value subsequently, in the same 
w'a\ as the Agiieultmal Surveys ol Arthur Young give a picture o l the 
aguculture of mtam British counlies at the end of the eighteenth centuiy 
His suiveys weie more geneialised and were des> upturns of farming methods 
set n during jouinevs rat he 1 than detailed scientific survevs of all tile land 

Other int westing maps of the Oidnaiue Survey are Aviation maps the 
quaitei-im h ( *ivil An edition < oxermg England and Wales (12 sheets) with special 
information l elating to flving, and a map coveung Great, Britain (3 sheets) on a 
stale of ten miles to one inch, with flying inhumation svmbols in blue, showed 
conditions pievious to 1939. There is also a ten unit's 1o the mdi lav f red map 
of (beat. Britain (3 sheets) intended for mol ousts and olhers who require maps 
covering a large prut of the country 

The Ordnance Survey have issued map,, ou a scale of 1 M notably a 
population map of Great Britain based on the 19 1 1 census, maps of Homan and 
Anglo-Saxon Britain, a map of 17tli Century England a physical map of Great 
Britain There is also a Geological Survey I M map showing British coalfields. 
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HINTS ON MAP READING 

1. ESSENTIALS OF MAP READING 

Ability to set a map and to identify your position are essential aspects of 
outdoor map reading, but some tlnngs connected with map reading can be done 
indoors, for instance, mastenng conventional signs, and methods of showing 
relief Such practice is best developed out-of-doors, but the alphabet of outdoor 
map reading can be learnt indoors 

To read a map requires knowledge of the methods of indicating relief, of the 
conventional symbols, of scales, of bearings, of the use and significance of the 
compass Such things are, as it were, the alphabet and grammar of map leading, 
but taken singly and without proper combination and correlation, they no more 
constitute map reading than the Greek alphabet and grammatical rules constitute a 
knowledge of Greek liteiature They are a means to an end, and must be used 
to create a mental picture of the country with which they deal They must help 
us to visualise it as if we saw it from a high mountain or from an aeioplane 
We must see solid and should remember that the map deals onlv with area 
The scale ol a map is one of the first things which should be considered Try 
to recall on the same scale some other map ol country with which you are familiar 
Note on the new map a small area corresponding in size to giound known to 
you. Tins will give a standard of comparison as regards extent, and you will 
probably be able to estimate how long you would take in walking, cycling, or 
motoring from one point to another Such ability to think in terms of distance 
helps to give an air of reality to your mental picture 

Practise setting the map as if actually in the field, that is, try to visualise 
the country in relation to what would be north, and try to visualise prominent 
objects m relation to your own position This will help to give you the map- 
setting instinct whenever you use maps in the field. For indoor study such a 
plan is infinitely preferable to staring at the map, and noting the various symbols 
merely as symbols. Also, mentally take bearings on the imaginary position 
of certain objects. This will tram you m estimating bearings approximately, 
and in realising the significance of a bearing. (See Chapter III) 
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2. PHYSICAL FEATURES 

As regards the content of the map, very important are the physical 
features, partirulaily the mountains, lulls, and streams Relief and water 
features are intimately connected Most of the vallevs are valleys of erosion, 
and indicate the couise of the principal streams Thus, the streams afford a key 
to the valleys, which help us to visualise the hills Chapter VI deals with some 
aspects of the physical basis of map reading, notably m connection with streams 

It is a good plan to make from the Ordnance map a tracing of the streams 
and anothei of the contours You can examine the streams separately, likewise 
the contours, and then place the stream tracing on that of the contours, so that 
hills, valleys, and streams can be examined together Contouis will not indicate 
minor features of relief, but such can often be identilied by the help of spot heights 
or of hachures oil the Ordnance map It is not advisable to show 7 haehures or 
lull-shading on tracings, which aie meant to give a clue to the general character 
ot the rebel Too mu( h minor detail will obscure the general character 

A good exeioiso which will emphasise the meaning of the contours is to make 
a separate tiacmg of, sav the JllU-ft contour on a sheet of cardboard or thm 
two-plv wood and to cut. round the contour with a fine saw Do the same with 
each ol the other contours, and place the pieces of cardboard or wood one on the 
other m their proper sequence Thus you have a model ot the countiy Plasti- 
oene may be used to round off the sharpness of the contour edges, and in doing 
this the hill-shading or liaehuies of the Ordnance map will be useful. A fairly 
elaborate model can be made bv inserting the streams m blue pent ll, and by using 
suitable colour wash lor the various features, for example, green for woodland or 
pasture, brown for arable land 

In some examinations w'here an Ordname map is given foi analysis and 
description, candidates are asked to suggest suitable physical or physiographic 
divisions Some general knowledge of the physical geography and geology is 
desirable if this division is to be made scientifically and on a rial geographical 
basis It is not difficult to suggest divisions for a fanlv large area such as the 
Penmnes or a county like Lincolnshire, but the sheets usually given do not comprise 
such ex tensive areas They are generally one-inch maps of th e normal size of twenty- 
seven by eighteen inches One such sheet would contain but a small proportion of 
the Pcrmines and possibly some of the bordering plain. A Lincolnshire sheet might 
represent part of the Wolds, with a little of the Marsh or Olay Vale lowland. 
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In attempting to formulate physical divisions, the first thing is to distinguish 
the higher and the lower land. Then look for river basins or portions of such, 
if all the nver does not appear on the map Often river basins will be suitable 
physical divisions, but sometimes sub-division of them is desirable, as, for instance, 
the highland and lowland course On the map facing page 32, compare the valley 
of the Dee with that of its Feugh tributary. For the hilly or mountainous part 
of a map you may have a well-developed plateau or ridge with a steep Blope, 
known as the escarpment Note the Mcndips and their escarpment on the map 
facing page 32 It is unsatisfactory to attempt division into physical regions 
without some general acquaintance with the rock formation For instance, in 
the Southern Penmnes physical character of the areas differs where limestone 
and millstone grit respectively predominate 

3. IMPORTANT TERMS CONNECTED WITH RELIEF FEATURES 

It is necessary to know the meaning of certain terms connected with relief 
features, and from the form of the contours to he able to recognise such features 

It is not always easy to determine what is a lull and what is a mountain, 
and the distinction is rather arbitrary Broadly speaking, many authorities 
would label as a mountain land whose highest point is over 3,000 ft above the 
surrounding countiy Land whose summit is less than 3,000 ft above the 
surrounding country they would term a hill. The highest part of a mountain or 
bill is the summit, and the lowest part the base, and the hunt of 3,000 ft is 
reckoned between these two points Selection of 3,000 ft as a distinguishing 
mark for mountain and hill may be broadly convenient, but to apply it in every 
case would lead to a not very suitable classification for relief like the Penmnes, 
because it would result in the highest summits of these uplands being classed 
as hills 

Certain features are common to both mountainous and hilly land, and they 
are identified on the map by the shape and trend of the contours A circular 
or elliptical contour m the form of a small ring and with no other contours 
inside it represents the summit of a peak A small triangle or dot with a number 
inside the ring signifies the highest point of the summit. Several concentric 
rmgs, if the height is fairly great, represent a detached mountain or hill If the 
height is low, such a feature is termed a knoll. Examples may be found m 
lowlands with deposits of clay and stones derived from the moraines of glaciers 
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which formerly covered the country, or of sand and gravel deposited by rivers 
after the ice had receded, as in Holderness and parts of the Fenland A low, 
elongated hill of glacial boulder clay is termed a drumlm. Drumlms may be seen 
in the south-west of the Southern Uplands of Scotland and in the Tweed Valley. 
They are very common m the north-east of the United States of America 
Hillocks of fluvio-glacial sand and gravel are called kames, and the long winding 
ndges common in Ireland are known as eskers. 

Contours may be of roughly elliptical shape, but covering a much larger 
area than in the case of a drumhn The altitude is also greater Such an 
arrangement gives a ridge if the length is much greater than the width, and 
a plateau where the top is wider and the surface relatively flat Inside the 
highest contour of a ridge there may be small circular contours representing 
local minor heights somewhat above that of the ridge generally If two such 
minor heights are dose together, there is a depression known as a col between 
them A col is also known as a saddle or neck On two sides of a col there is an 
upward slope of the sides of the enclosing heights, on the other two sides theie is 
a downward slope along the sides of the mam ridge below the level of the col 
Almost any onc-inch Ordnance map of regions like the Scottish Highlands gives 
examples of such features Examples of a ridge can be seen in the mam line of 
the Lincolnshire or Yoikshire Wolds the Chilterns or the Downs The Cheviots 
and the Pennmes afford examples of plateau surface, but relatively low plateaux 
can be found in counties v ltb much glacial drift, as the low boulder clay plateau 
east of the Lincolnshire Wolds, or the plateaux of central Norfolk and Suffolk 
Any high land, ridge or plateau, separating two drainage systems or river 
basins is known as a water-parting or watershed. From the highest part of the 
ridge there is a slope in two opposite directions, just as there is a similar slope 
on a house-roof. During rainfall some water flows down one slope of the roof 
into a convenient spout, and some down the other slope. So with the watershed 
in mountaiuous or hilly country. The rain flowing dowm one slope makes for the 
nearest lower land, where it helps to erode valleys and- thus to develop stream 
systems Rain which flows down the other slope results in the development of 
another set of streams The two stream systems are separated by the high land, 
and the suitability of the term water-parting is obvious 

A model of most high land would show many depressions which cut into 
it. These depressions are valleys, generally of streams, and a plateau very 
much cut up like this is termed a dissected plateau. Good examples may be 
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found in many parts of the Scottish Highlands Because of their uniform height 
and great development of valle } 7 features, the Scottish Highlands as a whole are 
often referred to as a dissected plateau It will generally be seen that contours 
representing valleys fit into one another like a number of dishes of varying size. 
One end of the valley, that nearer the source, is defined by contours, but the other 
end, where the stream leaves the higher land for the plam is not so defined, and 
may be compared with a dish from which an end is broken 

In identifying the valleys on a contoured map, it- may be helpful to begin with 
the lower end and work upwards to the stream’s headwaters Because streams 
are generally coloured blue on large-scale maps, it is comparatively easy to 
identify valleys, but it is not so easy to form a mental picture of the wav in which 
they dissect the high land 

The lowest part of a valley, namely, -where the streams actually flow, is called 
the watercourse, and the watotcouises obviously form a kev to the surface drainage 
of anv legion We say surface drainage, because sometimes, as in a limestone 
country, there is a well-developed system of underground drainage, hut this is 
not shown on the map A suiface stream mav disappear undei ground and then 
reappear at some othei point Onh its suiface course is shown on the map by 
the conventional blue line The underground course may be gauged by a dotted 
line or may be left- blank At first it is difficult to visualise fhe features of a 
district where such diamage occurs Some elementary knowledge of the lock 
structure js desirable, as well as acquaintance with the properties of limestone 
Hence the impoitancc of elementary acquaintance with a geological map of the 
region with which the contoured map deals Underground drainage is discussed 
in Chapter YU Examples of such drainage may be found in the Central and 
Southern Peimmes, and m the Cheddar district, of Someiset 

The brow 01 crest is the actual edge of a hill top 01 of the upper part of a slope 
The crest-lme or ndge-lme is the line representing the highest level along the 
highest part of the ridge A spur is a projection fiom high into lower ground, 
it is part ot the higher ground, just as a buttress is part of a wall A re-entrant, 
as it were, is an incision into the side of higher ground, and roughly has the same 
level as the surrounding low land The upper part of a valley in a hilly legion 
is a re-entrant If you are trying to read a contouied map where no streams aie 
shown, at first sight it is sometimes difficult to determine which are spurs and 
which aie i e-entrants but if you work outwards from tbe highest contour, the 
nature of the features will soon he grasped The sides of a valley, hill, ridge, or 
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mountain are known as the flanks If the slope is very steep, it is termed 
a scarp or escarpment, from the French word escarp 4 — steep Examples of 
all these terms can he found on the maps of the Lake District facing 
page 64 

Slopes arc known as convex when the contours are closer together near the 
lower ground, and as concave when the space between contours is greatest towards 
the lower ground If contours are evenly spaced, the slope is said to be unif orm. 
The character of the slope is important m determining the visibility or otherwise 
of one point from another 

4. METHODS TO DETERMINE VISIBILITY 

To determine whether a given point on the ground is visible from another 
point involves consideration of changes of slope between the points Often this 
problem can he solved bv examination of the contouis. but it is possible that 
between two contours there may be a minor feature, some trees, or a high 
building w'liidi will lnteifeie with inability under actual conditions, despite 
calculations which seem to suggest perfect- visibility 

Visibility can he investigated bv examination of the slopes which are deduced 
from the contouis, bv comparison ol gradients oi by di awing sections from the 
contoured map 

By Contours -- If the contours are examined, it can he seui whether the 
slopes are convex or concave When the slopes are predominantly convex, us 
in Fig 16, the points are not mutually visible If the slopes aie concave, ns 
in Fig 15, the points are mutually visible but foi unexpected intervention 
of some minor featuie or obstruction which cannot he deduced horn the 
contours Proficiency m this method of determining Msibihty will sometimes 
follow piactice m section-drawing 

By Comparison of Gradients —The method of determining visibility by 
comparison of gradients is best explained by refeience to practical cases exem- 
plified by Fig 13 Careful examination of the (ontoured map is needful to 
identify the lower and higher of the two points wuth which we are concerned. It 
is also necessary to know the distance between the two points, which can be 
determined by using the scale of the map Some crest intervening between the 
two points must be utilised. 
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Example Consider Fig 13. Is A visible from B 1 

Let C be a crest along the 400 ft contour, and 600 yd. (i.e. 1800 ft.) from B 
and 650 yd, ( i e 1950 ft ) from A. Therefore A is 1250 yd. (i t 3750 ft.) from B. 

(1) Gradient from A to C = 


(i e 


VI. 

HE.’ 


because gradient is ratio of Vertical Interval to Horizontal Equivalent). 


Note The Vertical Interval is the difference between two successive 
contours, the Horizontal Equivalent is the horizontal distance between 
two successive contours (Chapter XVII.). 

Gradient from A to B — — ypfi" 

As gradient from A, the lowest point, to 
the crest C is less 1 steep than from A to B, 
the points A and B are mutually visible. 

(2) Gradient from C to B = — -y 

100 1 

Gradient from A to U — ,, )30 = 

As gradient from A, the lowest point, to 
C is less sleep 1 than fiom O to the highest 
point B, the points A and B are mutually 
visible. 

From the above v\e can deduce the 
follow mg rules - 

(1) Find gradient r from the lower point 
to an intervening crest, and gradient y from the lower to the higher pomt If x is 
steeper than y the points are mutually invisible, but. if x is less steep than y they 
are mutually visible 

(2) Find gradient x fiom lower point to an intervening crest, and gradient y 
from this crest to the higher pomt If x is steeper, the points are mutually 
invisible, if x is not the steeper, they are mutually visible. 

By Dk awing a Section. — To draw a section is a reliable method unless 
some unknown under-feature intervenes. A section is a profile drawing of the 
elevation given by cutting vertically downward through a model of the features 
1 It this gradient had boon the steeper, in each case the points would have been mutually invisible. 



Fig 13. To DETEKMIfi E 1 IblltlLITY 111 
Comparing Gradients 
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Example. Consider Fig. 14 The line AB represents the line of the desired 
section It cuts the contours at certain points, a, b, t, d, etc. Take a piece of paper, 
here represented by the squared-paper, and place below the contoured map, 
marking on this paper a vertical scale XY, 100 ft , 200 ft , etc., to correspond 
with the contoured intervals. Drop perpendiculars from the points a, b, c, 


etc., m AB to meet the horizontal 
lines marked 100 ft , 200 ft , 
etc , on the vertical ; scale XY, 
giving positions a, b\ c', which, 
when joined, will represent the 
required profile 

Such profiles are approximate, 
and in some sense guesswork, as 
minor features may occur between 
contours and thus arc not repre- 
sented on the contoured sketch. 
However, spot heights may some- 
times give greater accuracy to a 
profile if they are wisely used as 
guides iv hen they occur on the top 
of a ridge, etc 

A profile of a road can be made 
by drawing on a piece of squared * 
or lined paper profiles of the various 
stretches of the road, moving the 
paper for each stretch as tlioug 



5. COMMUNICATIONS AND SETTLEMENTS 

Tracings should bo made of the communications and of the settlement s These 
tracings can be studied together and in conjunction with the physical tracings. 
The roads and railways are influenced by the rivers and the relief They avoid 
equally the low marshy tracts near the streams and the more rugged relief. See 
the map facing page 32, winch represents part of the marshy Yeo valley 
and the Mendip Hills. The meaning of nodahty must be uuderstood. A 
village or town site is said to be nodal when several routes converge upon it like 
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strings tied together in a knot The word “nodal” comes from the Latin 
nodus, a knot "Banchory (see map facing page 32) and Cheddar (see map 
facing page 32) are examples of nodahfcy Cross-roads constitute a nodal point 
and sometimes mark a village site Gap towns, that is towns near a gap or pass 
through a hill range, are nodal, and so are bridge towns near where a bridge 
crosses a river Leeds and Guildford are gap towns near routes across the Pen- 
nines and North Downs iespertively Newcastle and Oxford are bridge towns 



Adequate water supply has always been an important consideration in 
selecting a village site. Villages were often established around springs which 
gush out at the junction of chalk or limestone and the underlying clay on the 
escarpments of the Wolds, Downs, and Cotswolds. Where streams and springs 
are scarce the possibility of snikmg wells governed the choice of village sites, as 
on the Lincolnshire Marsh and in the London Basm, where there is abundance 
of underground water which saturates the chalk like a sponge and is prevented 
from sinking deeper by the impervious clay which underlies the porous chalk. 
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PHYSICAL BASIS OF M\P BEAD! NO 

1. SIGNIFICANCE OF RELIEF 

The relief of a legion is a key to its ph\sical geography ami this helps to 
explain much of the human geography Contours show the position of moun- 
tains and hills, their general outline, and their height This higher land helps 
us to understand the direction and character of flip drainage Frequently it 
helps us to understand the climate, espeanlly rainfall and temperature con- 
ditions After inspecting even a small-scale lelief map of Northern England 
showing the Pennine*, we realise that the longest livers flow from the eastern 
slopes towards the North Sea, and that the westward-flowing sti earns are much 
shortej. We also notice that the western slopes are exposed to the rain -hear mg 
winds fiom the Atlantic, and thus can understand why the Lancashire side 
recedes more rain than the West Biding of Yorkshire We can also understand 
whv Lam ash ire is less exposed to cold east winds 

Inspection of laiger-se.de maps show's well-defined a alleys of sti earns which 
join the Ouse, and of other rivers rising m the Pen nines The contours suggest, 
many interesting features, such as plateaux or lelatively flat uplands, escarp- 
ments, depressions across the Pennine** where the Aire and Tyne (hips give 
relatively ease east-to-west routes 

However, it, is not sufficient merely to he able to read the contour-, and to 
say what features they repiesent In order to interpret the map With reasonable 
fullness and to understand the diameter of the various features, it is necessary 
to know' something about, the elements of physical geography 

2. AGENTS OF EARTH SCULPTURE 

We sometimes speak of “ earth sculptuie,” meaning the processes by which 
various features have received their present form Just as a sculptor's tools, 
hie chisel and mallet, have been used to shape a statue, so various agents have 
assisted in shaping features on the earth’s surface Two of the most important 
41 
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of auch agents are water and ice, water mainly in the form of streams, and ice as 
glaciers or ice-caps 

Streams have carved valleys m highland and lowland alike The material 
removed in carving the valleys has been transported elsewhere and deposited to 
make flood-plains, 1 alluvial fans, 1 and deltas 2 A stream performs (1) des- 
tructive work, known as erosion, (2) constructive work, known as deposition. 
It acts as a transporting agent, and its load of material resulting from erosion 

does a certain amount 
of destructive work 
known as corrasion. 

3. THE WORK OF ICE. 

Glaciers are limited 
to intensely cold regions, 
and it is obvious that 
nveis, being much more 
numerous have played 
a greater part in shaping 
physical features How- 
e\er, m Britain and 
elsewhere, when the 
climate was much colder, 
there were glaciers and 
ice-shcets which have 
left their mark on the 
surface To-day glaciers 
are confined to high 
mountains outside the 
British Isles , ice-caps occur not ’far from the polar circle Knowledge of 
their work enables us to understand certain features in countries like the British 
Isles and Northern Germany, which were once covered with ice 

Like rivers, glacieTs perform a threefold work. (1) destruction, (2) transport, 
(3) construction They move very slowly, but in their passage break off rock 
particles, which they carry with them and leave behind when changed climatic 
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Centralised cross section of valley which has been subject to 
geologically recent lcc-aotion The depth of the valley is 
exaggerated to emphasise the features 

I, I Mountain heights which the glacier did not reach, it did 
not till the valley higher than G G Hence the highest peaks 
show the irregular outline of ordinary erosion contrasted with 
rounded forms duo to glaciation 

II, II, are ledges or “shoulders” (the French call them fpavlt- 
mentu) onoe covered with ice, which has left behind it debris 
to form the soil supporting the grass on the Alpine Pastures 
( alpes ) Ofton such ledges contain a ti ibutary (hanging) valley 
which joins the main valley at /, /, where falls occur, useful 
animus of hydro electric power 

III is the floor of the valley, where the main stream flow's, 
it is H -shaped and was probably excavated b\ the ice below 
the dotted line which may he taken as the approximate level 
of the pro glacial salli v 


1 See page 44 


See page 45. 
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conditions or arrival below the snowline causes the ice to melt A glacier 
with the aid of tools, i e rock fragments, rather than by itself rubbing the ice, 
widens and deepens existing valleys, makes hollows which may become lake 
basins, and, with its transported debris, mantles pre-existing surface features 
Such mantling is irregular, and m the hollows thus formed lakes are frequently 
found, as in the Masurian region of the North German Plain and in Finland 
The construc- 
tive work of a 
glacier includes 
the formation of 
(1) low ranges of 
hills of boulders 
and clay kiiowji as 
moraines, like the 
Baltic Heights m 
Prussia and the 
Cromer Ridge in 
North-Fast Nor- 
folk, (2) low, 
elongated hills 
of boulder clay, 
generally regarded 
also as moraines, 
known asdrumlins. 

Rivers of the Ice 
Age have further 
left deposits of 
sand and gravel, 
forming ridges 
known as kames, 

or, where long and narrow, as eskers. Examples of both eskers and drumlins are 
found in Eastern Cheshne and along the estuarine area around Wigtown Bay in 
the Galloway region of South-Western Scotland Eskeis occur on the Carlisle 
Plain m Cumberland, and, with drumlins, may be found m other once-glaciated 
regions of Britain. Glacial soils, especially those derived from boulder clay, 
often form fertile land m Holderness, Lincolnshire, and East Anglia. 
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Glacial debris has modified valleys and turned streams from their original 
course, as m the case of the Derwent, which formerly flowed into the North Soa, 
but by glacial debris was diverted m an opposite direction to become a tributary 
of the Yorkshire Ouse. It rises not more than two or three miles from the North 
Sea, but now has a westward course of about one hundred miles to the Ouse 
lee-sheets formerly covered the British Isles as far south as the Thames Valley, 
and many parts of the country show the effects of former glaciation. Resulting 
features, m addition to eskers and drunilins, include many lake basins m the 
Lake District and Scotland, which, if not actually formed by glacial aetion, were 
largely modified by the destructive and constructive action of ice. Existing 
hollows were deepened by the ice and valleys were dammed by transported 
ddbris. The boulder clay cliffs of Holderncss are of glacial origin, this clay 
being a glacial deposit which owes its name to the large number of transported 
rock fragments known as boulders 

4. THE WORK OF STREAMS 

A large-scale contoured map of most British legions would show more features 
due to sti earns than to ice Streams in then upper courses as a rule are switt and 
do much destructive work, wearing relatively deep and narrow' valleys, the waste 
material of which they carry along with them Such naiiow, steep-sided valleys 
are common in the Lake District .the Scottish Highlands, and Noith Wales 
When streams reach land of gentler slope then velocity is cheeked and much of 
the material carried is deposited The debris carried and deposited by a stream is 
known us alluvium, and many plains have been formed by such deposition when 
a river is in flood The Vale of York is largely the alluvial flood-plain of the 
Ouse and its tributaries, the Vale of Piekenng lhat of the Derwent Coarser 
debris, such as giavel is sometimes deposited m the shape of a fan, 
so that the lesultmg featuie is known as an alluvial fan. Examples are found 
in the valleys of small stiearns flowing from the Lincolnshire Wolds into the 
Bain, itself a tributary of the Withatn Villages are situated on these easily 
drained fans. Alluvial fans, used as village sites, occur at the mouth of glens 
drained by rapid streams flowing from lulls which, like the Ochils m Central 
Scotland, overlook a plain. 

The Fe aland owes much of its surface to deposits from rivers, though con- 
siderable areas along the Wash have been reclaimed from the sea In map 
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analysis many interesting features connected with flood-plains will be noticed. 
In flowing over a plain, a river’s velocity is relatively slow and it cannot carve 
a very deep valley, deposition generally being more active than erosion Thus 
sediment is built up on the bed, and as the bed is raised there is more and more 
tendency to flood. A very slight obstacle can turn aside the nvei, which twists 
and bends to form the curves known as “ meanders ,’' 5 from the name of a river 
in Asia Alinoi where this feature is very notifiable Such rivers often change 
their course, part of the old meander being left m the shape of a crescent to form 
what is known as an ox-bow lake or mort lake 

Meandenng rivers shown on Butish maps sometimes reeem* small straight 
water coutscs wdii( h arc aitiflcial drainage channels, eg in connection with the 
Feugh tributary of the Dec shown on the map facing page 32 These features 
emphasise the indecisive clmiactcr of the natural dunnage, and are attempts bvnian 
to make the mersule lands fit foi meadows In Britain villages are rarely 
near the mer, but are situated on higher land some distance away (See map 
of the \>o valley and Cheddar region facing page 32 ) Divers in then lower plain 
(ourse swing from side to side of the valley, and raise the level of their bed so that 
the\ sometimes overflow and even change their < ourse To avoid flooding, such 
nveis an embanked, as in Ihe Fenlanr] and along the Tient 

When a rnei enters a lake or the sea, its velocity is checked and its load is 
deposited, iornmig a delta, a triangulai piece of land so named from the shape of 
" delta the Greek capital 1) Several of tlj^^lisli lakes have deltas and oil 
their deltaic plains Ihe dunnage is very ifljllecn>iye See map facing page Ci for 
examples m connei tion with the lakes Grasmere, Uvdal Watei, and Windermere 
Deltas are not common round the English coast, because weaves and tidal currents 
there uie very active and prevent deposition of sediment English rivers, as a 
rule (>nd in estuaries or mouths where tides scour out the estuary at ebb e g the 
Meraev In the Tyne and Clyde estuaries the scour is less active, heavy dredging 
being necessary In most estuaries there has been partial marine submergence 
of valleys originally out by nvors 

From the toiitouml map it is easy to study various forms connected with 
streams In the upper part of the course, comprising what is sometimes known 
as tin* valley tiact, eorrasion is more active than deposition The river thus 
deepens its channel and a valley develops If the liver were the only erosive 
force the valley sides would be practically vertical. The river cuts vertically 
downward, but at the same time weathering agents, such as ram, extremes of 
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temperature, especially frost, wear away the valley sides, widening the valley most 
at the top of the slopes, so that a V-shaped cross-section results. 

The character of the V depends upon the hardness of the rocks and upon the 
climate, especially the amount of rainfall and the length of time during which 
the river has worked. If the rocks are hard, the V will be relatively deep and 
narrow, as m Lake District valleys, if they are soft, as in the clay vales of 
Eastern England, the V will be wide and relatively shallow Heavy rainfall 
tends to give a gentle slope to the valley sides, because there is much lateral 1 
corrasion, though hard rocks counteract such eorrasion and produce a steeper 
slope than if the rocks were soft. Examples are seen in the steep-sided valleys 
of the Lake District, where the hard rocks to some extent minimise the effect 
of the heavy rainfall Rocks, like limestone, which are termed permeable 
because thev quickly absorb ram water, allow relatively little lateral erosion, 
their valleys being narrow and steep-sided, as in the limestone regions of the 
Central and Southern Pennine's. The cross-section of a “ youthful ” stream 
vallev has a very sharply defined V shape 

Probably no arrangements of contours better repay study than the various 
forms of re-entrant If the re-entrant is wide the valley is probably mature, 
indicating that the river’s work has continued for a long period , if the re-entrant 
is narrow’, it usually signifies a youthful valley. Here it is advisable to consider 
the terms mature and youthful in relation to what is known as the cycle of 
erosion. Several years ago, a famous American geographer, Professor W. M. 
Davis, suggested the term cycle of erosion in connection with the life history 
of streams Three ideas arc involved structure, process, stage. Structure 
concerns the kind of rocks subjected to such destructive process, and it is also 
necessary to consider the relative resistance to erosion of various kinds of rock 
Process refers to the type of destructive process and its power, e g. running water, ice 
Stage brings in the time element, the relative time during w r hich the destructive 
agents have operated, and defines the stage of destruction reached youthful or 
early, mature, senile or late. Sometimes a stage intermediate between early 
and matuie is lecogmsed, it is known as adolescent. 

In the youthful stage, gradients are steep; vertical, i e, downward, erosion is 
very active and works rapidly. The longitudinal profile, i e the Bection curve 
along the length of the valley, is steep, and is irregular if hard rocks alternate 
with soft. Waterfalls and rapids are frequent and sometimes there are lake 
1 1 e wearing away of the Bides 
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basins which receive and discharge rivers Cross-sections of youthful valleys are 
sharply V-shaped. They are relatively deep and narrow, and their sides are 
very steep. Tributaries are not numerous, and those which develop show most 
of the youthful characteristics Such streams are usually short and their gradients 
,are very steep. They are very narrow and have little or no flood-plain, a 
characteristic also associated with the main stream A feature of youthful 
valleys is the development of interlocking spurs That is, on the map there is 
a series of bends, especially where harder rocks have offered resistance to the 
cutting of a straight valley One bank will be concave, the other convex. 
The convex hank, representing a spur or projection, hts as it were, into the 
concave bend 

The adolescent stage is chiefly characterised by a nearing away of many of 
the interlocking spurs, because lateral erosion becomes more active as the gradient 
of the mam stream is lessened by the tendency of deposition to exceed corrasion 

In the mature stage the development of a valley becomes more pronounced 
and a flood-plain is built up when deposition considerably exceeds coirasion 
Meanders arc common While the middle course begins to show these mature 
charactei i sties, the upper course mav still show all the signs of youth The 
longitudinal profile becomes more graded, that is, inequalities of slope tend to 
disappear The volume increases, so docs the load of debris worn away further 
up-stream, and this load by its grinding action helps to deepen the channel 
Lateral eiosion is also increased and assists the development ot meanders The 
cross-scctiou ol mntuie streams show's a wider V but wdiere meanders have 
developed, there mav be remains of the bases of interlocking spurs, wluch in time 
disappear Tributaries are more numeious and their valleys develop towards 
matmity Their own tributaries show' youthful characteristics m the upper 
courses 

In the senile or late stage, the relief becomes very slight and the longitudinal 
curve is almost flat, grading (or base level) being practically attained. Falls 
and rapids have disappeared, and lakes are silted up Steep slopes are nowhere 
seen, and spurs have been worn away as the valley has widened The shallow 
open valley shows hardly any trace of the V-shaped cross-section. Tributary 
valleys are almost as fully developed as that of the mam stieam, and tributaries 
are very numerous, forming a veritable network of watercourses 

Sometimes, after senility has been reached, renewed activity or rejuvenation of 
streams occurs, due perhaps to some earth movement which steepens the gradient, 
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or to increased rainfall. The destructive work of the streams recommences, and 
they begin to deepen their channels again Their previous flood-plain is now- 
above the level of possible flooding and remains as a river terrace. Examples of 
river terraces are found west of the Lea valley m the Thames basin, in the lower 
Cljde valley, and on the Thames flood-plain ]ust below Oxford What are known 
as incised meanders are sometimes cut downwards after rejuvenation. They are 
meanders with steep sides, such as those of the Wye, of the Wear near Durham, 
of the Dee near Llangollen 


5. STREAM SYSTEMS AND THEIR DEVELOPMENT 


So far, we have considered valley development in relation to individual 
streams, but it is also desirable 1o consider the evolution of a drainage system m 
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>v P* Isimi iStaoi iv Slkiam DrAEioi-MisT (t'nNsi' qt'Lnt Stiuams) 

A V, axih of uplift (anticline or upfold) whow < rotw-sw lion from sea to mu ih somewhat a 5 , shown 
in (2) h, striam headwaters (springs), <\ consequent streams 


which several streams aie concerned It is usual to consider the case of rocks 
raised in the form of an arch or dome, such, for instance, as the Penmnes One 
slope may be taken as typical Lam w Inch falls 1 uns down it, and streams develop 
in the direction of such slope They are roughly parallel, and because their 
direction is in consequence of the slope, they arc known as consequent streams 
When their valleys are cut. rain water will begin to flow into them from the 
sides, and tributaries at right angles to the parent stream will develop In the 
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theoretical example it is generally assumed that there are alternate bands of 
harder and softer rock parallel to the watershed, and that the tributaries 
develop along the softer bands The harder beds will be cut out where 
the valleys of the consequent streams form, but elsewhere they will remain 
as ridges along the valleys of the subsequent streams Their steep slopes 
form escarpments Such escarpments often undergo considerable modifi- 
cation but the piocesses involved are beyond the scope of this book 

The headwaters of consequent and 
subsequent streams tend to woik back- 
wards into their respective watersheds 
One of the consequents may be more rapid 
or may have greater volume than its fellows, 
and m its valley erosion will be more active 
The valley w r ill thus become deeper, and 
its tributaries will have a steeper gradient 
Their litad\vaters will be active agents of 
erosion and eventually will cut back into 
the valley of then neighbour, whu li they 
will divert into their own valley This is 
known as stream capture or beheading (See 
Figs 22 and 2 % ) 

The lower part of the beheaded river, 
fed by the tu butanes below the point where 
the capture occurred, will continue as a 
separate but smaller si ream Part of the 
valley of the captured stream will remain Ab ml'ig 19, *, » bom* subsequent streams 
dry, but in another pait from which it was ° n r °' k 

diverted, a small stream, known as an 

obsequent, may develop and flow in a direction opposite to that ol the consequent 

In time the strongest of the consequents may capture the headwaters of all 
the others Tributaries concerned m the capture may- eventually become larger 
than their onginal parent stream Streams flowing in valleys apparently too 
large for them are termed misfits, as some of the Cotswold sti earns of the upper 
Thames basin. A drv valley cut through an escarpment is called a wind-gap, 
several wmd-gapb through the Chiltems and Downs escarpments serve as 
route-ways 
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A practical application of the ideal case outlined above may be seen in the 
rivers flowing from the Penmnes through Northumberland into the North Sea. 



The Pennincs form a watershed with a con- 
siderable eastward slope, along which flow 
the Tyne, Blyth, Wansbeck, and Coquet 
The Tyne has two branches, the North and 
South Tyne The South Tyne and the Coquet 
rise near the mam v, atershed The Wa nsbeck 
and 131} th rise considerably further cast 
The North Tyne has several right-bank 
tributaries which use on the mam watershed 


sicqi i nt, Arm Ob'-jeqdeist smrAiHs' and are in 11 straight line with the Blyth and 


This in only one stream s\ stem whose i arlu r 
history mlinwninFigR 1 'land 20 (' 
l onsfqui.nt (( " secondary or minor < on«i 
quent developed after the sulm qucnl ), 
S -- suhsequent 0 — ohsequent 


Wansbeck At the outset, Tvue, Blyth, 
Wansbeck, and Coquet were probably con- 
sequent rivcis flowing from the Pennincs 
into the North Sen The Tyne was the most 


powerful and the North Tyne seems to have cut ba< kwnrdand beheaded both the 
Blyth and Wansbeck Eventually it w ill probably capture the Coquet (See Fig 21.) 


The term antecedent drainage is some- 
times applied to certain rivei systems m 
South-Eastern England. Ongmally the locks 
here were raised in (he form of an arch 
which chalk covered throughout Consequent 
streams developed on each slope of the arch, 
and they, with their tributaries, removed 
the chalk from the top of the arch, but con- 
tinued m their ongmal directions in the 
lower part of the arch, except in the river 
valleys, the chalk resisted erosion more than 
did the softer rocks and remains as two 
ridges, the North and South Downs, through 



which valleys are cut They have been cut 22 1 Stream captuef 

, UETORE OAPTUKIi 

downward and are the much-deepened o -- odnsoqu. nt, S = subsequent,, MI) — 
original valleys wlucli were formed before miun tllvl ^ o: ~ B «-on<]ary ^ ivjcie 


the present relief took shape, hence the term antecedent drainage Between 


the Downs is relatively low land known as the Weald, in the centre of which 
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is a low ridge of sandstone, from which streams proceed north and south towards 
and through the Downs 

The theory associating a single cycle of erosion with the Weald is now 
discredited. “ The region has passed through one cycle of denudation, and is in 
an advanced stage of the second .” 1 The consequent streams due to the initial 
uplift of the Wealden dome had reduced the area to a peneplain (almost a plain) 
when further uplift rejuvenated the drainage Since then the streams have been 



Fig 23 SlAObH IV Stream Caiturf — 
A iter ('Anna 


At x the bt‘c omlarv dn ldo is breached by 
hUbRecj units sorting haokwnrdn in Hiru- 
tionb blimni b\ arrows, the sliongir and 
more northc rn eln am dot iling the' nlhc r 
and belli ldmg tlio main stream M 
SI) - sec cunlarv divide , d - windgap 



Fig 2i Tui, NoM II UMBER) AND lilVRHS TO 
Jill STRAT E ('ATTUUE 

The pi olia bh forinei upper eoursc'9 of tho 
Wanabeck and lll\lh aie Hhown by 
dotted lines The N Tvne possibly cap- 
ture d fust 1h ci 111c th and ne\t tho 
V\ ansbei k 


deepening and widening their \ alleys and little denudation now takes place 
except in the High Weald 

The term superimposed drainage is exemplified by the nvors of the English 
Lake District Much of tins distnet. consists of old hard rocks which were 
once covered by newer softer rocks in the form of a dome Streams flowed 
in all directions down the slopes of the dome, radiating fiom its conti e like the 
spokes of a wheel, whence the term radial drainage. Erosion removed the 1 newer 
beds except for a ring around the older rocks The streams continued to cut their 
valleys downward and have kept the directions originally due to the dome -shaped 
1 C C Fagu and G E Hutchings in Great Britain 




52 


Physical Basis of Map Reading 


softer rocks They cut down to the harder beds across which they flow to-day. 
These harder beds djd not. determine their direction, which seems in no way 
related to the present, structure It is imposed upon, rather than due to, the 
older and harder beds which to-day constitute the core of the Lake District. 
(See page (>2 ) Superimposed drainage is not confined to the Lake District, 
much of the drainage of Northern Britain must have been developed on chalk or 
newer rock surface 

High land may be studied m conjunction with streams, since the latter carve 
the valleys which dissect mountainous regious like the Highlands and Southern 
Uplands of Scotland or the flanks of the Pennines In dissection of high land 
the main factors are the velocity and erosive powei of streams and the degree to 
which different rocks respond to such mechanical erosion There is another 
aspect of erosion, the chemical, mainly due to the way m wluch the calcium 
carbonate (lime) of limestone rocks or chalk responds to the solvent action of 
ram-water containing carbon dioxide derived from the atmosphere Owing to its 
numerous fissures, small and large, limestone is a porous rock, and xam readily 
sinks into it, so that there is little surface flow off in the form of streams The 
solvent action of water accumulating along cracks and joints forms underground 
channels which have their own streams, a surface stieam sometimes disappeaimg 
and reappearing some distance away Thus is known as intermittent drainage 
Underground channels may widen into caves, whose loofs sometimes fall in, 
forming narrow, steep-sided gorges like that, of Cheddar m the Mcndips 

6 COASTAL FORMS 

Those Ordnance maps whidi include a stretch of coast leqinie special inter- 
pretation. It is necessaiv to consider the various types of coast, as well as 
certain broad aspects of their physical geography 

Two imporl ant types of coasts may be broadly classed as drowned (or sunken) and 
raised, or, as it is sometimes put, coasts of submergence and coasts of emergence. 

Drowned Coak'is —In drowned coasts, which are essentially sunken land 
surfaces invaded bv the sea, the former character of the land forms is evident 
If the drowned country was mountainous, t,heie is much alternation of peninsulas 
and islands, straits and openings the lattei often being fine harbours. In Britain 
there are two types of drowned mountain coast, the fjord coast of Western 
Scotland and the na coast of South- Western Ireland and South-Western England. 
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In very mountainous regions the drowned valleys form long, narrow, steep- 
sided lochs or fjords, but sometimes a valley has not been drowned and contains 
a lake. In Argyllshire, just north of Oban, Loch Etive is a fjord, but a little 
further inland, south of Ben Cruachan, a granite mountain, is an unsubmerged 
valley containing Loch Awe, a lake, which very little sinking would transform 
into a fjord. The valleys are evidently river valleys which had been modified 
by ice before the lower reaches were invaded by the sea The straight, steep 
walks of the valley sides and the U-shaped cross-section suggest the work of ice 
The frequent occurrence of tributaries at iight-anglcs to the mam valleys and 
sharp right-angled turns or 7ig-zagB in the latter, point to Iractuie lines in the 
earth’s crust, along which the btreams etched the original valleys before these 
were deepened and widened by the ice The tributaries are frequently hanging 
valleys at a higher level ihan the mam valley, and when a stream occupies the 
undrowned upper reach, a waterfall tumbles into the fjord 

The land around the fjords, which is known as their hinterland, is rugged and 
unproductive, so that, though the fjords form vciv good harbours, no largo ports 
have developed the only settlements being small lislung villages, which, like 
Oban, occasionally develop into holiday resorts 

Kia coasts have not so rugged a hinterland as have the fjords, and there is 
no evidence of the woik of ice In South-West Ireland the rocks by some 
earth movement were crumpled up to form ridges (upfolds) with intervening 
down-folds, the whole similar to the wrinkles in the skin of a dried orange. 
The down-folds in which river valleys had developed were drowned in their 
lower reaches and became nas, the upfolds persisted as peninsulas The lias 
have few tributary valleys, but the streams flowing into the na heads tend 
to silt up the latter, though the scour of the tides to some extent negatives 
such silting Except where a port has developed for reasons other than 
purely commeicial, as on Plymouth Sound in Devon, where the port has 
risen round a naval dockyard, na coasts are almost as barren of human 
settlement as are the fjords 

A drowned lowland coast occurs in South-East Suflolk and Essex The relief 
is very slight, and the weak gradient has resulted in shallow stream valleys 
Parts of some have been submerged, forming estuaries, which, but for the tidal 
scour, would soon be blocked by silt. If deposition by marine currents parallel 
with the coast is more than the streams and tides can remove, a spit will form 
across the estuary, as at Landguard Point. Eventually a lagoon must result, as 
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in the case of the Norfolk Broads, the river flowing into the lagoon, which it will 
gradually silt up The river may be diverted as m the case of the Aide 

Many interesting features are shown on an Ordnance map of the Orwell - 
Stour estuaries. The permanent channel is discernible between mud banks 
which are covered at high, and exposed at low, tide Ill-defined streams 
or creeks drain into estuaries, and piotoctive embankments point to periodical 
flooding The maps show a number of low islands, such as Horsey 
Island and Canvey Island, which have been reclaimed and embanked Much of 
the coast, however, is m a state of periodical flux At high tide there is an 
expanse of shallow water which recedes at low tide and leaves a surface of sand 
and mud, which, where deposition by manne currents is not counteracted by tidal 
scour, will eventually develop into permanent low islands intersected by creeks 

Raised Coasts — A good example of a coast of emergence is the eastern slioje 
of the U S A. m North and South Carolina and Georgia Befoio uplift, the sea 
bottom near the land would be made smooth by the normal process of deposition, 
so that the relief of the newly-emerged area was smooth, and the coastline marked 
by long, simple curves Behind such new coastal belt, more varied relief and 
steeper slope usually marks the older land 

The Marsh of Eastern Lincolnshire is essentially a pre-glacial wave-cut shelf 
covered with boulder clay and more recent deposits Before the emergence of 
this coast, the eastern edge of the Wolds was the shore-line, evidence of this being the 
occurrence of marine shells and fossils in sand and gravel along the Wold borders. 

Marsh coasts which have attained some stability are parts of the marsh lands 
of Lincolnshire and Northern Norfolk They were once sea bottom, but, since 
elevation, have been built up of deposits brought by streams fioni higher inland 
areas and by marine currents from elsewhere along the coast wdiere denudation by 
the waves has been active. Such coasts are regular in outline, unfretted by any 
indentation except the mouths of small streams which have flowed across the 
marsh from the Lincolnshire Wolds or the West Norfolk Heights 

Cliffs and Beaches — Interesting coastal features are cliffs, which may be 

(1) the fractured end of chalk lulls, as Beaohy Head or the Flamborough cliffs, 

(2) the edges of hard rock, as the cliffs bordeimg Exmoor or the granite cliffs of 
Cornwall, (3) the edge of boulder clay remnants of the Ice Age, as the cliffs of 
Holderness To understand cliff recession is to realise how beaches are formed, 
and how coastal debris is transported by currents to form sandbanks, as in the 
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Wash, or spits like Spurn Point, both largely derived from waste denuded from 
the Holderness shore Waves weaken and wash away the lower part of a cliff 
which they can reach at high tide. The overhanging upper part eventually falls 
and is dashed about by the waves, furnishing material for subsequent attack on 
the lower part of the cliff, when the destructive process is repeated The eroded 
debris is ground into small pebbles, shingle, and then sand, the heavier portions 
being spread out to form a beach, the lighter being transported elsewhere 

7 SITES OF HUMAN SETTLEMENT 

In map analysis it is important to study the sites of human settlement and to 
explain how far geographical factors have operated Site values have changed 
at different periods, but wc can say broadly that m the early days of settlement 
the main essentials of a good site related to defence, w r ater-supply, nearness to 
food supplies or means of raising them Later, another important site-value 
was facility for exchanging surplus products with neighbours, and thus the route 
settlement, the bridge-town or confluence settlement, developed Still later, at the 
advent of the industrial age, power was an all-importnnt consideration, so that 
the industiul town and the mining village grew up near the coalfield 

Types of villages to be noted in addition to the mining village, are thp suburban 
village, the agricultural village, coast villages There may be straggling route 
v lllages slrett lung along a main road, as in the Fens, where there are many small- 
holdings more ( (impact, villages grouped around cross-roads or situated m the 
blind end of tributary stream valleys, as in the Central or South Wolds of Lincoln- 
shire They are typical valley villages where the original controls of settlement 
were f ei tile alluvial soil, adequate water supply, and a dry site for the dwellings 

It is well to note some of the general influences of relief and lopography upon 
human settlement and to apply or adapt them to particular cases when various 
maps are studied Probably they will apply best when the British oue-mch 
Ordnance maps arc analysed 

Note the different controls exerted by valleys and hill-slopes or lull-tops In 
the Lake District, along the I'onmnes, or the Chalk Downs, there is very little 
settlement on the higher land The valleys of the Lake District, whcthei they 
carry rivers or lakes, account for practically all the settlement, sparse as it is. 
The extended lines of small villages or hamlets fringe the valleys where deposits 
of woikable soil are relatively narrow and aie often bordered by the steep wall 
of the valley sides. Hence, the villages extend in a string rather than a group, 
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so that as much land as possible can be assigned to each farm. Sometimes, when 
conditions aie particularly unfavourable, only isolated farms are found, and they 
are largely based on sheep farming Such conditions afford striking contrast with 
the relatively dense agricultural settlement of the fertile Eden Valley. 

Around the lakes, larger villages and small townships have a grouped rather 
than a strmg-like arrangement of habitations There is often a deltaic flat at the 
head of a lake or between two lakes, and these lowlands are more favourable to 
farming than are the steep-sided valleys But many of the lakeside settlements 
cater for tourists during the summer, and their hotels or boarding-houses naturally 
group round some central focus such as a railway station Briefly, we mav say 
that the control in the Lake District is mainlv relief contiol, though the heavy 
rainfall and bleak climate aie also unfavourable to settlement on the uplands 

There are plenty of springs, and there is a sufficiency of surface water in the 
Lake District, but in parts of the Benmnes, notably around Ingleborough and 
north of the Aire Gap in Yorkshire, and in South Derbyshire, the limestone 
struotuie introduces an additional negative control, namely lack of surface water 
Practically all the permanent water couises are along the valley floors, and in 
these valleys, known as ‘ dales,” aie found the human settlements of small 
villages or single farmsteads, with perhaps a small market town at. the entrance to 
the dale The upland is mostly heather-covered 111001 or rough grassland, at best 
only useful as poor sheep pasture, and frequently not good enough for that 
Some parts of the Penruues arc composed of impervious rock, notably millstone 
grit, as in North Derbyshire, and licie spongy peat bogs known as ‘ mosses, ’ 
are unfavourable to settlement or economic development, 

Reference has been made to the mipoitarice of lines of villages at the base 
of the limestone and chalk scarps of South-Eastern England Maps showing 
pansh boundanes in these' regions emphasise some important aspects of soil and 
relief control The* villages are generally found on the lowei slope of the scarp, 
just above where a permeable rock like chalk or greensand rests on the imper- 
meable clay This is a zone favourable lx) springs The parish boundaries often 
run from the village in one direction up the* lull, giving sheep pasture, and in the 
opposite direction fiom the scarp on to the bordering clav vale, winch supplies 
pasture suited to dairying The shape of such parishes is a long, narrow rectangle 
The ploughed land is generally around the village, on soil like the upper greensand 
of the lower scarp slope, or in the higher part of the clay vale, the lower portions 
of which may be dotted with single dairy farms Examples of such parishes are 
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found on the Downs of South-Eastern England, Wiltshire, and Dorsetshire, and 
the limestone heights of Kestcven m Lincolnshire 

As a contrast to the agricultural valleys of England with their sparse farming 
population, take the densely-peopled mining valleys of South Wales These 
steep, narrow valleys enable coal to be mined in open seams and easily trans- 
ported to the coast because of a suitable gradient along the valley But the 
steepness and narrowness of the valleys is unfavourable to healthy village sites 
Towns and villages are crowded on the slopes, which frequently must be 
“ climbed ” by streets, so that houses rise tier above tier There is lack of 
gardens, and the upkeep of roads, gas and water mams is heavy, all adding to the 
costly and drab living-conditions of the miners 

In addition to noting the contiols of ullage sites, it is well to study the 
conventional signs used for individual villages Thus, reference to hall, manor, 
farm, marsh, quarrv, wateimill windmill, snnthv will afford some clue to local 
activities So will types ot woods and orchards, and the class of road 

If possible, Ordnance maps loi the districts referred to in this chapter should 
be consulted 

In < onnei tion with the subjec b-mattei of this chapter more advanced students 
should, if possible, icfci to Great Britain Jtegwnal Essays, edited by Professor A G 
Ogilvie This gives examples of nvei capture m connection with (1) the lrvme 
and othei streams mcential Scotland, (2) the Eueht \ alley of the Tayhasin, (3) the 
livers of the Vale of York, (4) the Don vallev near Sheffield, ( r >) the Steeping and 
Withern Eau in the South Wolds of Lincolnshire, (0>) rivers sue h as the Teign in 
South-Western England, (7) the Wmdiush valley of the upper Thames system, (8) 
the lower Severn and upper Thames systems Where this book and some of the 
relevant Ordnance maps arc available, it is possible to follow the explanations in- 
telligently and to apply these as particular examples of the geneiahsed theorydcalt 
with in this chapter In some instances notably in connection with the Severn and 
Thames, there is considerable difleienco of opinion amongst competent authonties. 

Reference to the index of Great Britain will give many othei examples relative 
to physical geography 

Students may with advantage consult the chapters on streams, coasts, etc,, 
in books such as Lake's Physical Geography or Laboi tie’s translation of De 
Mar-tonne's Smaller Physical Gcoquiyhy 

H Peake's The English Village is worth consulting for types of village settle- 
ment. See also Carter’s Eandforms and Life 
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STUDY OF SELECTED ORDNANCE MATS 

1 GENERAL HINTS 

In a previous chapter (Chapter V.) we have suggested that the best way 
to studv an Ordnance map and all its detail is to classify some of the more inipoi- 
tant features by means of separate tracings of such matters as (1) contours, 
(2) streams canals, and lakes, (3) loads and railways, (1) village and town sites 
m relation to the habitations The most profitable and really the only educa- 
tional way of stud) mg Ordnance maps is to use them in con i unction willi practical 
work on some district known to yon It can be your home district oi some 
legion to which you have access during holiday By practical work is meant 
fauly detailed examination of the region with a view to systematic geographical 
description Such a description might deal with the physical features and soils 
in relation to human activity and settlement 

In this examination try to apply the physical geography you have learned 
concerning eaith sculpture, particularly m connection with the work of sti earns 
(Art. 1, (’ll apt ei VI ) If you have sufficient topographical knowledge of the 
district to visualise it roughly from the map, a piejiaratory exercise is to examine' 
the map m all its healings by moans of your tracings The contours will suggest 
the land forms, and fiom these 3011 can tiy to identify broad physical regions, 
such as a chalk or limestone plateau, a nvoi valley, or the complete stream basin, 
an alluvial plain, or perhaps a lowland maish eoveied with glacial drift It is 
well to make rough notes under various headings, eg “physical features,” 
“suggested physical regions.” Later these can be revised ot amplified as your 
practical stud}' of the country proceeds 

Failing a complete personal survey, the next, best thing is access to photographs 
of typical views Gradually you will be able to expand your tracings and to 
build up a set of specialised maps, e q (1) of the physical features analysed to 
show physical legions, (2) of communications in conjunction with contours and 
general physical features, (3) of the habitations and distr lbution of population 
m relation to water supply, fertile soil, mineral deposits, etc 
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2. PRACTICE IN INTERPRETING CONTOURS AND CONVENTIONAL SIGNS 

Previous to detailed study of Ordnance Survey sheets it will be helpful to 
undertake preliminary exeiciscs based on the portions of Ordnance maps included 
m this book Such exercises done during re-reading of Chapters V and VI will 
furnish examples of important terras connected with relief features, streams, etc,, 
and will serve as a useful introduction to exeicises given on pages 225-27, which 
deal with Ordnance maps suggested for detailed examination 

Take a piece of tracing paper about the size of a page of this book, and on it 
draw a frame coi responding with that of the map studied Supei impose on the 
map, and, guided by the contours, write m the appiopriate positions the names 
of various featmes The following plan is recommended 

Pick out the highest con tom and examine the otlieis m relation to it Tins 
will enable you to identify forms such as a plateau, ridge, bill, peak, or knoll, 
brief descriptions, of winch aie given on pages 34, 35 Next consider the slope, 
close ( ontours indicating a steep slope and more widely spaced ones a gentler slope 
On the tracing paper use appropriate adjectives to describe the features noted 
Thus, you may identify a riilqe, long, nariow (or luoad), stoop-sided (or with 
gentle slope), a plateau, bioad (or n.inow), relatively flat (or undulating), steep- 
sided oi otherwise, much (or little) dissected by streams In connection with 
peaks you will piobahlv recognise the sign loi a trigonometric al station When 
dealing with ndges, plateaux, etc , note features associated with them, such as 
the 1 blow or ciest, < rest-line or iidge-lme, spur, ie-cntiant, col oi saddle, cirque 
oi come escarpment 

So far von have considered the higher land Now r study the valleys and 
plains, with their drainage features In a mountainous region W'lth many close 
contour s and sometimes m a region ol uniform relief it. is not easy at first sight to 
jack out the valleys. Head the brats on page 30 It may be desirable to use a 
fresh sheet of tracing papei for the \ alleys and streams Trace the streams and 
other water features with pencil Tlmn mark and describe the a alleys Suitable 
adjectives may be used for tho valleys to denote then geological age or character, 
eg young, adolescent, mature, senile (see jiage 47), torrential, narrow and deep 
(or gorge-like), hanging, stepped, broad, shallow and flat 15 road, flat valleys 
frequently have an alluvial flood-pl am, and it will be possible to identify many 
features associated with such plains, cq meanders ox-bow lakes, embanked 
streams, straight artificial water-courses and drainage channels, marshes, deltaic 
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flats where a streams enters a lake, though the tides around the British Isles 
are not favourable^*) the development of coastal deltas 

Draw cross-sections and longitudinal profiles of valleys (See page 39 ) 
Such profiles, as well as those of roads, assist the formation of a thiee dimension 
mental picture of the region Steep-sided cross-sections of uniform width near 
the floor and top of the valley indicate former glaciation, and breaks or steps in 
the longitudinal profile suggest xapids or waterfalls Trace the approximate 
limits of stream basins and the general dimtion of the water-partmg separating 
them 

Next study the habitations On a separate piece of tracing papei mark the 
site of towns, villages, and single dispersed habitations such as farms on chalk or 
limestone uplands Tins will assist the formation of a mental picture of the 
distribution of population It should be examined m telation to the contours 
and sti earns, and a little practice will show how these have influenced the choice 
of settlement sites (See pages fib, 56 ) Note how rotmnuniaittoni link up 
settlements, and carefully distinguish between the vanous type** oi mad which 
may explain, or are a consequence of, the distribution of population \\ here the 
physical features are unfavourable to settlement it is unusual to find first-class 
roads, but where population has concern tinted, as in mining or fertile agricultural 
regions, const met ion of routewacs 1ms been ncoossarv 

The foregoing methods, which are intended to help the identifii ation of 
features on the map, should lie applied to all the maps included in this book, 
and to other Ordnance 1 maps, paitieulailv the one inch senes Such practice 
may be tei tried the alphabet of map- reading, and can bo followed b> more con- 
structive' composition describing the 1 country represented by the map Begin 
with a simple examination somewhat as follows, using the Cheddar map (opposite 
page 32) 

Preliminary Insi'EC’j ion — Note (1) closeness of contours on the top and 
right-hand side of the map, identifying ridge, plateau, escarpment, spur, re- 
entrant, gorge, dry valley, chff, caverns, and the highest tr langulation stations 
or spot heights for comparison with the low-lying liver valley, (2) absence of 
contours m most of the valley, its drainage featuies, distinguishing between 
natural aud artificial water-courses, road and xailway budges over water-courses, 
(3) contours m bottom left-hand coiner of map and difficulty of obtaining from 
them any indication of relief featuies 
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It is now possible to divide the Area represented by the map into three 
well-defined physical regions indicated by (1) (2), (3), in the preceding paragraph, 
namely scarped upland, alluvial flood-plain, and undulating lowland In each 
of these divisions identity the habitations means of communication, and other 
aspects of human geogiaphy, especially possible methods of land utilisation, 
noting references to l£ moor, ’ “ wood," 1 rough pasture," etc In examining the 
railway, note the occurrence of cuttings, embankments, and tunnels 

DisscKirnoN -liefer to pages 69-71, which give notes on the Cheddar map 
Take each of the physical regions noted m the preliminary inspection, and, 
assuming that the top of the map is north, locate them (live the dncction of 
the upland, and especially of its escarpment, noting nunoi features which cause 
a break in the continuity of the Utter The preliminary inspection will have 
piepaied you foi this, and use should be made of suitable adjectives The 
upland, which is part of the Mendips, is essentially a steep-sided, smooth -topped 
plateau, to some extent cut up by valleys, which an* dry This absence of 
Kuifaoe w.itei, and the fact that the map definitely refers to caserns, suggests 
limestone structure Consider the distnbution of habitations, noting how villages 
clustei at the foot of the escarpment when 1 conditions favour spring formation, 
and contrasl with the baic uplands with then lew scattered farms Connect the 
main roads with the valleys and the minor mads with the plateau Sleep-sided 
and winding will define the valley carrying the route of which thegoige is a part 
Desc tibo the vallcj of the Yeo as an alluvial flood-plain, and note the character 
of the winding river and the artificial drainage channels Refer to necessity foi 
road and railway bridges, embankments, etc The railway can be descnbed with 
reference to both the \ eo valley, the scarp border and the upland The almost 
entire absence of habitations m the actual river valley should be stressed 

f 3 THE ENGLISH LAKE DISTRICT 

The large one-mcli Touust Edition sheet of the Oidnance map of the Lake 
District is recommended for study It depicts a definite natural region, and is 
large enough foi parts of it to tonn the basis of several exercises given on 
pages 225-6 The relief is very graphically shown Interesting portions of 
Popular Edition sheets of this district will be found facing page 04 

The mam interest m the English Lake District centres round the relief and 
the system of drainage The relief furnishes examples of many different physical 
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features, and from the one-inch Ordnance map it is possible to obtain much varied 
practice in the interpretation of contours The drainage is of the type 
known as superimposed drainage (See Chapter VI ) 

Superimposed drainage is apparently independent of the present rock structure. 
Originally the courses of the rivers were determined by some uplift of the surface 
and would be related to the rock structme as it then was But in course of time 
the streams cut their valleys down into the older rocks, much of the surface of 
the younger rocks being worn away bv erosion However, the original direction 
of the vallevs was maintained, though the rocks originally determining this 
duection have disappeared 

In the Lake District the older rot Its winch form the central part of the region 
aie surrounded by newer rocks, which once coveied the whole region and formed 
a kmd of dome The centre ol the dome was somewhere near what is now the 
peak known as Helvellyn, and streams flowed from the top of the dome in all 
directions like the spokes of a w heel The newer rocks have been worn away by 
erosion, exposing the older rocks which bail been folded in a direction loughly 
from south-west to north-east This line of folds eastward fiom Scafell to-day 
serves as a short watershed, but the arrangement of the valleys is definitely 
radial Drainage, as fiom Windermere and (Joniston Watei, flows south into 
Morecarnhe Bay, from Wast Water, Bassenthwaite, and other lakes, south-west 
and west mlo the lush Sea, from Ullswater and smallei lakes eastward or noith- 
eastward into the Eden 

In many of the vallevs are long, ribbon shaped lakes fed by the uppei emusos 
of streams and drained by the lower courses m the directions noted above The 
upper parts of the vallevs are geueially cut down into the older rocks, and in 
such pacts there is appaientlv little relation between tlie rock structure and the 
direction of the valleys. The lower couises of the streams are on the, newer 
rocks which formed the lower part ot the oiigmal dome, and then connection with 
the original slope of the dome is apparent 

On the maps facing page 64 it is easy to trace the valleys by means of 
contours, and the valleys hc*lp to define features of the higher land Fiom the 
closeness of the contours it is evident that- the vallevs arc usually steep-sided, 
and this is particulaily noticeable along the sides of most of the lakes The 
valleys cut deeply into the remains of the dome, and thus the drainage may be 
termed incised. It seems to cut up the surface into blocks of plateaux, from 
which rise wild peaks, such as Helvellyn, Skid daw, Scafell The wildest 
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scenery is where the older volcanic rocks predominate, especially round Wast 
Water to the west of the dome In the south, haid rocks known as grits and 
shales occur, and the contours there show smoother outlines m the district of 
the low fells, contrasting with the high fells round Helvellyn. There is wooded 
and park-like scenery round Lake Windermere On the northern part of the 
eastern flanks of the dome the less rugged country is mainly limestone moorland, 
devoted to sheep pasture The southern part is what is known as karst, with 
poor limestone soil, little surface drainage, but some underground stream channels 
and caves 

Examination of the map shows that the English lakes are long and narrow, 
and often almost straight They are partly m rock basins or hollows in the solid 
rock, and partly in \ alleys dammed by drift left by the glaeieis which once covered 
this part of Britain Their valley sides are very steep, often rising practically 
sheer from the watei Sometimes the lakes are m pairs connected by a stream, 
as lkihsentliwaite and Derwentwatei, the land between the lakes being like a 
delta, marshy, and avoided bv roads The at i earn is extending tins delta and is 
tending to fill up the lake m the lowest part of ito course 

Some of the tributary \ alleys are marked by contours very close together, 
and are obviously at a higher level than the mam valley They aio known as 
hanging valleys, and the mam valley is said to have been overdeepened Some 
physical geographers say that such oveidoepemng oeeuried when glaciers covered 
the region, the erosive power of the ice being gi eater in the wider valley Those 
who believe glaeieis to have little erosive power think that ice m the mam valley 
protected it fiom erosion bv water, but that sti earns could develop and cut 
backwards on the slopes above the ice Their valleys would be above the* level 
of the mam valley and when the glacier disappeared they would remain as 
hanging \ alb vs From these valleys, c aseadcs (hop into the main stream or into 
a lake The famous Fall of Lodoie is near Dei went watei The wold legion 
round Wasl Water has many hanging valleys and waterfalls There arc inanv 
tarns or small lakes in lock basins, especially cast of Tlnilmeie and several of 
them drain into UUswatei or the Eden by means of shoit stieams 

The highest slopes and summits are baie of vegetation The valleys are 
generally inaiked by wooded slopes, and lakeside woods are features of the 
scenery Note the closeness of the contours on the heights icmnd Skidd aw, and 
how they widen out to show the Greta valley' lloads, railway, and villages 
are in this valley 
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Much of what has been said about the Tourist Edition map of the whole Lake 
District will apply to the small Ambleside map (facing page G4) and the Sedbergh 
map (facing page 64) 

The Ambleside Map — Points to note in this map are the drainage into the 
lakes, and the significance of the contours On the north-east side of the 
portion of Windermere shown, and around llydal Water and Grasmere, the 
contours are close together, and approach the lakesides, showing the steep slopes, 
wdiich, with their woods, give the picturesque scenery associated with this district 
Here there are hanging valleys, from which toirents tumble into the lakes. 
Contrast with the wider valleys of the larger streams whose tributaries, however, 
are torrents in nariow' valleys which often contain small waterfalls Note the 
stretch of low alluvial flat land between Windermere and Bydal Water It is 
really a delta built up by the streams 

The isolated summits show gentler slopes than the valley sides They may be, 
regarded as remnants of the anaent dome-like suifuce above mentioned in which 
the valleys have been incised 

Nob> how the valleys and lakeside lowland contiol the routes, how settlement 
is on the slopes m the valleys, and avoids the high land as well as the immediate 
neighbourhood of streams m the valleys The nodahty of Ambleside is obvious, 
several routes meeting at this site Points worth notice are the Thulmere 
aqueduct, which supplies Manchester with water, the steep gradient of ceitam 
roads ol minor impoitance, and place names such as fell, crag, pike, ghyll 

The Sedbergh Map --A n important point m the Sedbergh map is the nodal 
position of Sedbergh, from which radiate many routes including the railway 
The contours guide m m tracing the valleys, which on the whole, are wider than 
those on the Ambleside map They contain largei sti earns, with more developed 
flood -plains, across which the streams meander On the whole, settlement avoids 
the immediate neighbouihood of the sti earns, seeking the drier ground on the 
lower slopps of the upland Except for Sedbeigh, hamlets and isolated dwellings 
predominate. This is explained by the physical geography, which shows that 
mountain and moorland aie characteristic of the region 

Between the Lime and Kawthey valleys is a stretch of wild mountainous region 
of the Lake District “ fells,” where the old hard rock predominates and furnishes 
poor soil. The radial, steep-sided, narrow vallej’s, which contain small “ becks ” 
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flowing into the Lune and Rawthey, are not suitable for cultivation, and 
sheep-rearing is the mam industry on the lower slopes. There is mixed 
farming m the mam valleys, but, because of the predominating high land, 
facilities for this are limited 

Examination of contours show s that in the west altitude is less and that slopes 
are not so steep as in the area described m the last paragraph Communication 
is easier here, and roads, both transvcise and longitudinal, are plentiful, though 
they are of minor importance They mainly serve villages and hamlets in 
the Lune valley, there being practically no settlement on the higher fells west 
of tlria nver 

In the east and south-east of the map the fairly close spacing of the contours 
and their number denote the steep slopes of tolerably high land There is a 
partieulaily steep slope west of the river Dee, and here there are no transverse 
roads The south-east consists of limestone country, shown by the discontinuous 
lengths of stream indicating underground drainage and bv the uniform plateau 
character of the moorland 

4 THE LINCOLNSHIRE WOLDS: A CHALK UPLAND 

The appropriate onc-inch sheets should be used, but a small-scale relief map 
(Fig 25) is given on page (Hi 

Study of the Lincolnshire Wolds will give examples of some of the mam 
features associated with challc uplands A tracing of the contours of the 
WoldR shows that the whole constitutes a belt of upland stretching from 
south-east to north-west, and continued across the Humber as the Yorkshire 
Wolds In the west, the contours are close together, and the development of an 
escarpment is very clearly shown Towards the east of the Wolds, the contours 
are much wider apart, and thus we see that there is a gentle slope in the dim tion 
of the lowland Marsh which skirts the North Sea 

The Wolds may be divided into three sub-regions, namely the North, Central, 
and South Wolds, and this division can be followed if we examine the contours 
fairly closely The North Wolds have few streams, and along their western edge the 
escarpment is lower and more regular than m the other two regions In the Central 
Wolds there are more streams, and thus there is a more cleaily-defined valley 
system, especially on the gentler eastern slope The escarpment is highest and best 
developed in the Central Wolds, where it is much fretted by the headwaters of small 
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streams which flow west to two larger streams, the Ancholme and Langworth, which 
are tributary to the Humber and Witham respectively In the South Wolds the 
scarp gradually ceases to be a prominent feature, but there are several streams 



flowing respectively to the 
Witham and the North 
Sea Consideration of the 
streams and their in- 
fluence upon \ dlage sites 
affords sufficient contrast 
to justify threefold divis- 
ion, though each division 
has distinct character- 
istics in relation to the 
escarpment The North 
and Central Wolds are 
separated b) a transverse 
east - to - west depletion 
whuh is utilised b} the 
railwavs 

li the valleys could be 
filled by the matenal 
which has been eroded m 
their formation, the 
W olds w ould be a plateau, 
and the plateau character 
of the relief is evident m 
those paits where there 
are few' or no vallev s The 
Wolds as a whole can be 


defined as a dissected 


Fig 25 Thk Lthcoi.nsjijkk Woma 


plateau of relatively low 
elevation 


Now consider the streams With the exception of the Bain, which flows to the 
Witham, the westward -flowing streams have little influence on the Wold toppgraphy, 
as they are merely the headwaters of streams which originate from springs along 
the Wold escarpment, where chalk rests on impermeable clay and supphes spring 
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water which cannot make way through the clay This water fell as ram and soaked 
downward through the chalk as through a sponge. It oozes out as springs where 
the chalk touches the clay, as it cannot make progress through the impervious clay 

There are many villages along the escarpment If a tracing of the village 
sites he made, it will be seen that there is a well-developed line of them following 
the direction of the scarp They are sometimes called sub-scarp villages because 
their sites were largely due to the piesence of springs at the base of the scarp 
The scarp is not sufficiently steep to interfere with communications. Make a 
tracing of the roads and notice that there arc many which are transverse 
routes linking up the eastern valleys and the bordering marshland with the 
Clay Yale west of the Wolds The transverse roads generally take advantage 
of stream valleys, but there are important loads along the length of the 
ridge and plateau Contiast such distnbution of relatively easy routes with 
communications in the mountainous regions of the Scottish Highlands, where 
road constiuclion has been verv difficult and is absolutely dependent on the valleys 

Wold villages, upait. from those along the statp-ba,sc, art' generally in the 
valleys of stieanih flowing to the North Sea or tributary to the Witham Away 
from the valleys, them ,ne practically no villages, though isolated farmsteads, 
known lot allv as “ tops ' and featured thus on the map, are found here and there 
on the streamless higher land of the ndge The problem of water supply is here 
solved b\ sinking wells, and the water is often raised bv wmdjmtnps, the symbol 
of wliii li you w ill notice. 

Practically all North Wold Milages aie m the west, near the sub-scarp spnngs, 
because no stieams flow east fiom this part of the Wolds If a tracing of the 
streams and valleys be made, it will be seen why the villages of the Central and 
South Wolds are more widely' distributed The blanks on a village-site tracing 
generally ht into the contours which enclose and mark the higher levels of the region 

There are no fowms actually on the Wolds, though there are a few small 
market-towns on the borders This shows that the Wold is essentially a farming 
region, and that the bordering market towns are < olleoting centres for the farm 
produce The villages aie small, and this is explained by the fact that Wold farms 
are large, because the poor soil does not favour the intensive cultivation associated 
with smaller holdings Soil of chalk and limestone regions is always poor, and some 
of the Wold is mantled by clay and sand left by the old-time ice-sheet After the 
Industrial Revolution much was done to improve the soil of tins region, which 
was previously largely given over to poor sheep pasture and rabbit warrens 
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5. THE BANCHORY DISTRICT OF THE DEE VALLEY 

This map (facing page 32) comprises part of the middle basin of the 
Aberdeenshire river Dee The Dee valley on the whole lies upon crystalline 
schists flanked on both sides by large granite masses The contours show the 
rounded character of hard rock surface scoured by heavy glaciation 

The map shows part of the mam valley of the Dee, which is marked by incised 
meanders cut m the hard schistB This comparatively narrow valley is a contrast 
to the relatively wider valley of the tributary, the Water of Feugh, above Heugh- 
head The Feugh valley is here along the boundary of granite to the south and 
schists to the north and is much wider The meanders wander about more, and 
are connected with a network of minoi drainage channels. Note the character 
of other valleys, eg those of Ihe hi tic burns (streams) in the south-east of the 
map are hanging valleys they are above the level of the main valley, and produce 
small waterfalls where their streams descend to the lower land 

There are river terraces m the Feugh vaHey, showing that the stream has 
sometime flowed at a higher level They are flat alluvial tracts above the present 
level of the stream, and out of reach of the highest flood level They indicate 
that the river has deepened its bed since they were formed 

There are also deposits of glacial drift left by the ice-shcet which once covered 
this region. Eskers or giavel ridges occur, but these arc too low to be shown 
by the ordinary contour lines The fact that this valley has been glaciated is 
shown by the U-shaped cross-section. The meandering stream denotes that its 
slope is slight There is very little vertical corrasion, but in places there may be 
some lateral coriasion of the banks, which will be balanced by deposition else- 
where Tlius shifting of the channel results, and the drainage is indecisive 
This indecision is leas marked below Heugh-head, where the rock is probably 
harder and the slope steeper 

The poor soil and the altitude of the uplands of crvstallme rock explain the 
lack of settlement there Note the forest, consider whether the ti ees are coniferous, 
deciduous or mixed woodland if comfeis, connect with the climate. 

The contours show a good example of a tabular granite mountain south of 
the Dee, and marked by the re-entrant valleys of small tributary streams. Re- 
entrants are also well shown in tabular mountains south of the Feugh, and illus- 
trate the steep-sided narrow valleys of immature drainage (See Chapter VI.) 
Such torrential valleys are quite destitute of human settlement. 
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Note also the general absence of villages m the valley of the Feugh the 
meandering stream and the likelihood of flooding explam this. An exception is 
the village of Strachan, where the slope of the higher ground approaches the stream 

Several roads converge on Banchory, which was an active market centre in 
the days when rural fairs were more important than at present Both the Dee 
and the Feugh are bridged near Banchory, these bridges emphasising the nodality 
of tins confluence township Banchory is built on a southward -facing slope and 
protected from cold northerly winds by the adjacent hills: thus, it has developed 
into a health resort of some note Banchory’s situation on a southward-facing 
slope is typical of Deeside villages The neighbouring heights are well wooded, 
and the forests furnish material for timber industries The region is mainly a 
farming one, the chief crop being oats Try to explam this by climate and soil. 
Some turnips are grown, both sheep and cattle being reared Suggest which are 
more likely to be pastured on the lower hill slopes and which on the meadows of 
the Feugh flood-plain Such points cannot bo deduced from the map, but are 
suggested by it 

Note such names as weir, ford, bridge, mill, and associate them with the 
streams. Note, too, how the roads and the railway line follow the valleys and 
the better drained lower land, but avoid the actual streamside. Explam this, 
and consider why they do not follow the ndgeway or climb the slopes of the higher 
land. The sites of castles denote that the region has had historical associations. 

6. THE CHEDDAR REGION OF THE MENDIPS 

This map (facing page 32) in the north and east shows (1) part of the Mendip 
Hills, flanked on the western side by a portion (2) of the Axe basin, and (3) of 
the higher land of the Somerset plain 

The Mendips are a steep-sided smooth topped plateau with north-west to 
south-east trend, and consist mainly of the porous caiboniferoua limestone, the 
lower ground bordering them being fertile red sandstone and marls The Mendips 
have all the typical features of a limestone region, suck as caverns, underground 
streams, swallow holes into which surface streams disappear and then reappear 
after an underground course, steep-sided gorges, and scarped slopes. The 
Cheddar caverns, cliffs, and gorge shown m the map are famous Note how 
close the contours arc in the gorge, along which a road winds. 

The Cheddar Gorge, more than 400 ft. deep, has been cut in carboniferous 
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limestone On the south side, the cliff is almost vertical, hut in the north the 
slope is gentler and sometimes coincides with the dip of the limestone, that is, 
the slope at which the rocks arc inclined from the horizontal Throughout most 
of its length, the gorge is dry, but near the lower end a stream flows out of the 
rock It is suggested 1 that the gorge is mainly due to underground water, which, 
by enlarging fissures in the limestone and by the solvent action of caibon dioxide, 
formed a cave, the roof of which fell m 

In a limestone region like the Mendips, the water circulation is mainly undei- 
ground This is because (1) calcium carbonate is very soluble m water (originally 
rainwater) containing carbon dioxide, (2) a highly developed system of joints is 
found in limestone locks The result is that joint-fissures develop on a large 
scale and assist the formation ot caverns, like the well-known Mendip eaves 

The absence of surface water liab a peculiar effect on the topogiaphy of 
limestone regions, because when there is a minimum ol surface erosion, the 
limestone forms tabular lulls or massive plateaux, often bounded by a steep 
escarpment like that of the Mendips Such plateaux have thin soil, and thus 
possess poor agricultural value 

Dry valleys arc a feature of the Mendips as in other limestone districts Tliev 
weic probably formed duung a period of heavy rainfall, possibly during oi just 
after the Glacial Period It has been suggested (1) that they were formed by 
glacial torrents when the rocks and soil were frozen, when it was impossible for 
water to sink into the locks and give rise to springs, or (2) that, either change of 
climate or uplift of the land, with resultant, denudation of the neighbouring 
surface, led to lowering of the water table, a condition unfavourable to spring 
formation ‘‘Water table” induutes the upper surface of water which saturates 
a porous rock like limestone 

, The river Yeo a tributary of the Axe, •which drains into the Bristol Channel, 
uses from a spring in the scarp near Cheddar, but the scarp is singularly destitute 
of stream headwaters, a great contrast to the chalk scarp of the Lincolnshire 
Wolds The Mendip scarp, however, ir considerably fretted bv streamless re- 
entrants known as combes. The Yeo, like its parent stream, has m parts been 
canalised, a fact shown bv straight reaches The straight drainage channels an' 
characteristic of a marshy lowland The frequent occurrence of the word “ moor ” 
here, and the absence of settlement, emphasises the low economic value of the 
river flood-plain. 


Professor S H Reynolds 
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The higher parts of the Mendips have the fiat-topped features of a plateau, 
intersected by several narrow, streamless valleys, which are utilised by roads 
The site of an old Roman road is on the higher ground, following the practice 
of early times, when roads clung to the dry ridgeways and avoided the marshy, 
and often wooded valleys Villages are absent from the Mendip upland, where, 
however, there are isolated farms, as in the Lincolnshire Wolds Lack of water, 
except from wells, is laigely responsible for the absence of village sites on the 
uplands Cheddar, Axbudge, and three othei fairly large villages he at the foot 
of the scarp on the fertile red sandstone, and roads radiate from them northwards 
through t he Mendip valleys as well as along the scarp border Roads and rmlw ay, 
like the villages, avoid the river, and the alluuum of its flood-plain 

In the south-west of the map, where the sandstone and marls give higher land 
and iertile soil, there are several villages connected by longitudinal and transverse 
roads These are i datively large villages often spread out along a road 

This ma]) gives several t ontrasts in regions and their economic significance. 
On the whole it iepreseiits a farming district, engaged m dairying, mixed 
funning, and fruit growing The chief regions are (1) the plateau and scarp 
of the Mendips (2) the Yen valley, roughly parallel to the siarp, (3) the low 
plateau of the south-west 

7 THE TEIGNMOUTH DISTRICT OF DEVONSHIRE 

The map given as frontispiece is that of the Teign estuary and the adjacent 
country Tin' estuarv is a drowned valley of the na type, and a spit has funned 
partly across its mouth, showing that deposition by tidal currents has been 
active The narrowness of the passage from the sea into the estuary and the 
presence of sandbanks and mud-banks in the estuary afford evidence of the 
relatively small erosive power of the river At the head of the esluary is marsh 
land whnh is gradually being extended seawards Diamage on this low marsh 
is very indecisive and is partly artificial, including canals with locks to counteract 
the tidal effect 

The relief is that of a plateau surface dissected by stream valleys opening on 
either bank of the estuary These valleys are nanow and steep-sided, their 
streams arc ‘ youthful,” and m the valleys are more concerned with destructive 
than constructive work, though they carry some debris mto the estuary 

Old red sandstone is the dominant clement m the structure and gives a rugged 
character to the topography This ruggedness is emphasised by cliffs along the 
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Beashore. Close contours along the estuarv sides mark the fairly steep slopes 
associated with a na, though, especially along the northern bank, coastal flats 
have resulted from the pieponderanee of deposition over erosion 

The economic life is largely centred around the estuary Teignmouth is a 
aeaside resort and a fishing port Newton Abbot is interested m kaolin from the 
neighbouring Bovey clay basin, and manufactures the famous “ Devon ” fire- 
grates from “ china stone ” Much china clay 19 quarried near Newton Abbot for 
export and is shipped from Teignmouth 

There are several villages in the valleys which open on the estuary, but the 
cliff- bordered coast has none, and on the plateau habitations are mainly in hamlets 
and isolated farms Railway and main roads follow the coast and the estuary, 
but the plateau is no obstacle to roads of secondary importance Newton Abbot 
and the village Kmgsteignton are fanly nodal, hut the economic importance of 
the estuary is emphasised by the major routes alongside it as well as by the 
situation and nomenclature of the villages The occurrence of the name “ Teign ” 
is significant* Teignmouth, Kmgsteignton, Bishopsteignton, Combemteignhead, 
Stokeinteignhead 

8. HINTS FOR CARTOGRAPHICAL AND GEOGRAPHICAL 
DESCRIPTION OF A MAP 

In examinations, questions are sometimes set dealing with British Ordnance 
maps or similar foreign maps, especially French. German, and Swiss maps 
Examiners may require a critical cartographical description of the map, or a 
geographical description of the area repiesented by it A general geographical 
description may be asked for, or the description of some particular aspect, such 
as treatment of the physical or human geography, or parts of these, such as 
relief or drainage, settlement or communications 

In a critic al cartographical description the map should be described and 
criticised as a piece of map-making, but description of the area represented by 
the map is not required It is necessary to consider for what purpose the map 
is primarily intended, and then to determine how far the method* employed to 
represent geographical farts have succeeded in giving adequate information in an 
easily legible form. The section in Chapter I on the “ Problems of map making ” 
should be re-read, so that you will be able, after recognising these main problems, 
to consider whether they have been successfully solved Suppose you have to 



Cartographical and Geographical Description of a Map 


73 


give a cartographical description of a topographical map such as one of the 
Ordnance Survey one-inch scries or a foreign map on the scale ] 50,000 If 

possible name the projection used, with a note on its suitability. This would 
give a lead for reference to representation of latitude and longitude, to sheet-lines 
and any indication of relationship with neighbouring sheets, the use of a grid 
and its eoordinates m relation to the scale Such details concern the skeleton of 
the map, but very thorough examination must be made of the means used to 
represent geographical facts, especially the use of graphic and easily read con- 
ventional signs and of suitable and legible lettering By suitable letteung we 
mean that which will emphasise some geographical fact m addition to identifying 
a feature or place, for example, different types and sizes of letteung to show the 
relative importance or the population in round figures of towns Yon must 
describe anil criticise the method of depicting relief, noting the limitations of 
hill-shading or hacliunng the overcrowding or absence of contours, thr use of 
hypsometric tints and suitability of colours used Criticise the use of colours 
for water features, roads, woodland and other vegetation, etc It may be helpful 
to adopt some standard of comparison, foi instance, comparison with another 
edition of the same scale Ordnance map, or with a similar foreign map Such 
comparison should not be overdone and might be confined to points where the 
map criticised shows marked inferiority 

In a general geographical description of the area shown on a map, carefully 
hold the balance between the facts of physical and human geography, using the 
former to explain the latter It might be well to start with a division into broad 
physical regions as suggested m Section 2 of Chapter V , and then woik forward 
to the relief and physical features of each region noting how these explain the 
location of settlements and communications Is it desirable fo introduce details 
of, say, geology, not shown on the map* Our answer would be, as a general 
rule, “ No,” though where the map shows intermittent drainage or dry valleys, 
we see little objection to referring to limestone 
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DISTRIBUTIONAL MAPS AND THE GRAPHICAL REPRESENTATION 
OF STATISTICS IN GEOGRAPHY 

1. DISTRIBUTIONAL MAPS 

In the development of modern geography, and particularly of the map as a 
geographer’s tool, the sketch map or diagrammatic method was largely used 
before more elaborate attempts were made to compile distributional maps from 
actual statistics Sketch maps usually have no quantitative basis, either of 
scale or of data, and are rarely inoie than attempts to give some visual sem- 
blance to what would otherwise be simply verbal description At best they can 
be regarded as little more than notebook summaries or attempts to counteract 
the “ woohness ” of too verbose descriptions They fan be vei y misleading 
when applied to distributional purposes 

If the word “ wheat ” is written across the Canadian Prairie Provinces, it 
merely means that wheat is giown in certain parts ol these provinces, and not 
necessarily everywheie where the letters \V H E A T oet ur On a map, to colour 
a district yellow’ for wheat, green for tea, may give the idea that the country is 
uniformly devoted to such crops, which is absurd There may be lakes, deserts, 
or stretches of unfavourable soil, or there may he land too high to glow such crops 
To write “ Slavs ’’ over a region may suggest that the people there are all Slavs, 
though there may be as many other people as there aie Slavs 

Distributional maps based on definite data have eonsidei able geographical 
and educational value, hut even their value is limited. The commonest 
types aie those indicating distribution ol stock, crops, and population During 
their compilation, it is necessaiv that certain physical maps should bo con- 
sulted, foi instance, maps showing relief and soils, chmatio maps concerning 
temperature and rainfall The best distributional maps are but cogs m a wheel, 
not the wheel itself The statistical facts conveyed by them may help the 
geographer to apply his arguments and to trace his ideas of cause and effect, but 
m themselves they are not geography 

The statistical bases of such maps for England and Wales are usually official 
returns of the Ministry of Agriculture, of the Board of Trade, or Census Returns. 


7* 
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2. THE DOT METHOD 

The dot method may be used for crops or stock or population when abaoluto, 
t e exact as distinct from average, figures are given 

An outline map showing the political divisions such as parishes or counties is 
needed this serves as the basis of the distributional map For guidance in 
placing the distributional data, a contoured map and a geological or soils map 
are required when a distributional map showing crops or stock is to be prepared 
To assist preparation of a population map, an ordnance map showing town and 
village sites is desirable The most carefully piepared distributional map cannot, 
be other than approximately correct, howevei, there are degrees of approxima- 
tion, and it is possible to construct such maps to show actual conditions with 
reasonable approach to gencial accuracy if not as regards minute detail 

We will illustrate the method by preparing a map showing the distribution 
of sheep in English counties south of the Thames. The statistics are Ministry 
(formeily Board) of Agriculture figures for a single year (19-0), which were selected 
because the published acreage and live stock returns for that year give both the 
absolute numbers foi each county as well as averages pei thousand acies The 
forrnei will serve to illustrate the dot method, the latter will be used later (see 
page HO) lor the shading method 

The statistic s used are given below in a table which shows not only the number 
of bhcep m the selected counties, but also the units of 5,000 sheep pei county. 


Count, j »o of Sheep 


Cornwall 

277,1)70 

55 5“ 

Devon 

f >01,071 j 

j 132 21 

.Somerset 

288,737 j 

! 57 75 

Dorset 

215,102 

13 03 

Wiltshiio 

182 122 i 

i 36 42 

JJoikfihirc . . 

78,800 

\ 15 76 

Hampshuc, exr lusi\e of Isle of Wight | 

130,211(1 j 

27 St> 

Isle of Wight 

23,050 1 

4 73 

We'sl Sussex 

86,956 

17 39 

Etthl Sussex 1 

161,708 

12 35 

Swrre3 , 

32,550 

0 51 

Kent ; 

079,984 

1 135 99 


i 


The first step is to decide how many sheep each dot shall represent. If the 
outline map is merely a tracing from an ordinary atlas map, it is not large, and 
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thus there must not be too many dots to produce a blurred effect A convenient 
unit seems to be 5,000 (Fig 26.) There are two or three counties where few 
dots are required, and where there cannot be much real distribution shown. 

Next, in each county pencil lightly the nearest figure indicating units of 5,000 
sheep. Thus for Cornwall 277,970 — 5000 = 55*59, and 56 should therefore be 
pencilled in (see the third column of the above table), similarly 132 for Devon, 
58 for Somerset, etc The pencilled figures assist the placing of the dots and can 
easily be erased if desired Before placing the dots a map showing the physical 
features should be consulted 



Certain areas are obviously little suited to sheep, while m others the flocks are 
very important The New Forest m Hampshire should be avoided when placing 
the dots, and regions such as the Weald, the Thames valley, parts of Surrey and 
Kent near London, should have tewei dots than the rest of the counties concerned. 
Such regions contain some sheep, but are more important for cattle-rearing and 
tillage The chalk uplands, especially the South Downs, will show heavy sheep 
density, so will the Romney Marsh district of Sussex, the South Down and 
Romney Marsh breeds of sheep being types which have formed the basis of flocks 
m New Zealand and other colonies 

This broad differentiation of regions favourable or unfavourable to the com- 
modity being mapped is only relative on a county map, and is in no way so 
reliable as what is possible when the units are parishes or groups of parishes. 
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However, it gives a truer picture of actual conditions than regular spacing of dots 
all over the county Such regular spacing is more comparable with the shading 
method, the limitations of which are noted on page 80. Compare Figs 26 
and 30. 

When working on a map where the boundaries of parishes or groups of pansheB 
are outlined, it is relatively easy to avoid assigning heavy density to unsuitable 
physical features oi poor soils, but when counties are the smallest units, this 
is more difficult, especially on a small-scale map, where it is not easy to distinguish 
between the venous geographical factors operating in so large an area as even a 
small county It is obvious that in any particular county there can be no 
absolutely even distribution of, Bay, wheat or sheep Most counties have con- 
siderable varieties of soil, and many have varieties of climate and relief Such 
differences react upon the distribution of any commodity 

From reasonably large-scale physical and geological maps it is not difficult to 
identify areas where there will obviously be sparse distribution of crops or stock 
Limestone or chalk uplands would normally show greater density of sheep than 
would be assigned to well-drained riverside meadows or to coastal plains such as 
the marshlands of East Lincolnshne or North Norfolk The latter are more suited 
to cattle Physical features must be caiefully noted For instance, in mapping 
the crops of Norfolk, the Broads must be avoided In mapping crops for Cumber- 
land, the mountains and lakes must be avoided, symbols must be concentrated 
m the Eden Valley and on coastal plains 

Even when the outline map shows onlv counties, it is possible to mark lightly 
in pencil where there is likely to be sparse distribution of crops, for instance, where 
mountains, lakes, or marshes occur On such generalised maps, even when 
negative influences are eliminated, it is not feasible to compile anything moic 
than an approximate generalisation Commodity maps aie of relatively little 
utility if they do not convey a quantitative conception, but they must also be 
qualitative m the sense that they differentiate between various areas where a 
particular crop or kind of stock is, or is not, extensively raised 

The preliminary elimination of negative regions, if w r e may so term them, 
will leave others where the dots ran be placed, though rarely in uniform density. 
In Norfolk, after elimination of the Broads, the alluvial meadows of the Wensum 
valley, and the sandy Breckland of the south-ivost, more importance should be 
attached to the fertile loams of the north-east than to the heavier clays of the 
centre when “ reconnoitring ” before distributing the dots on a wheat map. 
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Units fob the Dot Method.— Care is necessary in selecting a suitable unit 
to be represented by each dot There will be fewer cattle than sheep per 1,000 
acres, and therefore this must be borne in mind when selecting the unit For 
cattle, one dot might represent 25 or 50 according to the scale of the map For 
sheep, one dot might represent 100 animals For acreage of crops, similar dis- 
crimination must be observed. A very heavy crop, such as wheat in the Fens 
or East Anglia, must have dots to represent more acres under cultivation than 
would be used lor a less common crop, such as sugar beet or hops The dots must 
not be so numerous and so small as to be read with difhcultv Wc must avoid 
a unit which causes the dots to give the effect of a continuous blur, likely on a 
small-scale map if they indicate too few animals On the other hand, if thev 
indicate too many, the distribution may become too generalised and of little 
quantitative value 

The blurred effect is often noticeable m textbook reproductions of a map 
from official souices, such as year books The map was prepared on a reasonably 
large scale, and the dots were quite legible not onlv on the original but on the 
officially reproduced copy Permission may be given lor reproduction ol the 
latter in some textbook oi journal, possibly on a srnallei scale, and then ih< j dots 
become less legible 

The othei extreme sometimes occurs when the dot method is used for world 
distributional maps Such mips, possibly drawn on an equal area projection like 
Mollweide (seepage 150), are necessanlv on a small scale For the sake of legibility, 
few dots must be used, and thus a very big unit is necessary If, as is sometimes 
the case, one dot is made to represent 100,000 sheep, onlv very generalised dis- 
tribution is possible, and some small countries where sheep are reared may not 
find a place on the map However, such diagrams are not without their uses if 
they' are regarded as indicating the relative importance of sheep-reai mg countries 
Their practical geograplucal utility, however, is only' small if they are not examined 
in conjunction with climatic and vegetation maps 

Uses of the Dot Method — The dot method can he used for many more 
purposes than would be possible with the shading method (See page 80 ) In a 
map of the coalfields, 1 dots can represent the sites of collieries, the size varying 

1 Used in North England by Professor Kodwell Jones, and m an article by him on “ Commodity 
Haps ” in the Spring 1022 number of the Geographical Teacher This is a very valuable article, 
to which the present writer is indebted for ideas 
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according to the number of men employed Such figures are not always 
easily obtainable, but they are often the only ones available It is not 
possible to obtain accurate figures relative to production The number of 
men employed underground in the various pits can be gathered from Govern- 
ment figures published m Lists of Mines, but are of questionable value in 
estimating output, owing to the varying difficulty of working seams of 
different thickness In preparing a map of a coalfield, outcropping coal- 
measures can he shown by colour wash or by stippling Known concealed 
coal measures can also be suitably shown It must be realised that such 
indications are merely incidents in a geol igical map, m no way absolutely 
indicative ot output or ol potential i e-serves The pit, whether woikmg or 
closed, is the unit of the coalfield, and the value of the dot method is 
evident in this connection Dowevei, not only is it desirable to know the 
relative output of juts and the number of men employed in them, it would be 
equally desirable to map the depth of seams aud any geological data, such as 
folding and faulting , 1 which affect ease in woikmg and the possible use of cutting 
nuuhmery Where theie is much faulting and folding it is very difficult to use 
cutting machinery 

In the United States, figures relative to coal production for certain (ounties 
aic available and the American county is a sufficiently small unit to enable an 
economic-map compiler to make- reasonably satisfactoiv maps to illustrate coal 
pioduc tion 

Dots (an mil a ate the sites of fairs or of markets 2 m an agricultural region, or 
of co-operative fuctoues m a dairying countiv such as Denmark Various sized 
circles, which are adaptations of the dot method, can lie used to denote utilised 
and available hvdro-ejectru lesiurces 3 in a eoimtiy like Sweden oi Finland 
In these cases, whine it is obviously necessary to indicate absolute figmes, the 
shading method is not suitable 

1 Folding occurs when rooks aie crumpled into a 'tales of ndges and furrows \ fault is a 
fracture which causes rocks to slip out of tlieir normal position 

* Used in a paper on “ The Livestock Markets ol England and Walt s,” by It E T>i< kinson and 
H C. K Hendeison, published in Geography, Septembei 1931 

s Used in The New World b\ 111 I Bowman to show the water-power resources of 'Sweden, 
and by Dr H A Matthews in “ Notes on a Watoi Power Map of Eastern Canada,’' published in 
the Summer 1923 number of the Geographical Teacher 
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3. THE SHADING METHOD 

The shading method may sometimes be useful for crops and stock w hen 
average figures per unit area are given. According to this method, distribution 
is shown by different tints of colour layers or by distinctive methods of black and 
white shading Such methods may be found suitable where only average statis- 
tics are available, for example, so many cattle or sheep per 1,000 acres, or a 
percentage area under, say, wheat. If the dot method is used in such cases, it 
may not be realised that the maps are concerned with averages Hence, a small 
area with high density may appear more important than a larger area with 
moderate density but pioducing an appreciable total of the stock or crop m 
question 



UNDER 100 PER 1000 ACRES 

100- 200 « 

200-300 »• 




400-500 PER 1000 ACRES 

500-600 « 

600-700 -< 

OVER 700 •• 


Fir 27 Key to Shading rssn in Figs 28, '10, 31 


The w eakness of the shading method, whether foi averages or absolute figures, 
is that distribution appears uniform over the whole area In the distributional 
map of a county or large island, no account can be taken of waste, or relatively 
unimportant, land, such as desert or moorland, where, probably, no crops at all 
are grown The shading method gives the impression that, say, wheat is as 
important in such areas as in the rest of the region. A compromise might be 
made by placing some symbol where such lands of negative value occur, and by 
noting thal they do not really affect the density This device, however, lacks 
concrete reality, and would not be easy to follow m reading the map. 

If the shading method is followed, the basis, as m the case of the dot method, 
is an outline map of administrative divisions for which statistics are available, 
e,g. counties, parishes or groups of parishes. Suitable units must be selected, 
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e.g. for cattle, say, under 100, 100 125, 125 150, 350-175, 175 200 for sheep, 
under 100, 100-200, 200-300, 300-100, etc , per 1,000 acres A Lev to the shading 
is constructed similar to Fig 27 If colour is used, it is well as far 
possible to select tints , 
of one colour rather 
than to employ several 
colours If provision 
must be made for many 
different figures, varying 
tints of similar colours 
such as biown and 
vellow might be used 
the darkest tint for the 
highest densit} 

It is a good plan to 
pencil lighth thefigims 
in each division This 
prevents mistakes, and 
the figures can be eisilv 
erased when the map is 
finished ( ompare the 
map (Fig 30) showing 
sheep distribution for 
certain counties with 
that made b} the dot 
method (Fig 20) for tin 
same counties 

The map shown as 
Fig 2b makes use of the 
Petty Sessional Ihvi 
siom of Lincolnshire 
These arc combinations 
of parishes, and were 
used her anse during certain years tin Mimstn of Vjiic ulture st itishes were pub 
lished for such divisions In a gtutralised map of the whole or p< it of England, 
statistics for counties might be used These are alwaj sa\ aiinble m the published 



2s Pismiui tj -■ 
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returns of the Ministry of Agriculture Parish statistics are not published separately 
and can only be obtained by special arrangement with the Ministry They are best 
for a map of the whole or part of a county, as more accurate results are possible in 

a map where parish 
statistics are used for 
the shading method. 
A map based on Petty 
Sessional returns is a 
compromise, as such 
divisions may not 
leadily coincide with 
physical regions Tn 
Lincolnshire it is 
possible to correlate the 
pliy- sical regions with 
these divisions with 
some measure of suc- 
cess Fig. 29 shows 
Petty Sessional divi- 
sions, with sheep per 
1000 acres 

The main natural 
regions of Lmcohishne 
aie the Marsh, skirting 
the Humber and the 
North Sea, the Wolds, 
a low boulder clay 
plateau between the 
Marsh and the Wolds, 
the Mid Clay Vale w T cst 
of the Wolds and east of 
the limestone uplands 
whose scarp is known 
as the Lincoln Edge, the Vale of Trent, the Isle of Axholme, the Fenland, 
The Petty Sessional Divisions are sufficiently distinctive to enable us to gauge 
that Fig. 28, constructed from their data, emphasises a distribution of sheep 



Fig 2H Distbibctional Macs 
Data for Fig 28 
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broadly representative of the natural regions Thus, there is greatest sheep 
density on the Wolds, the boulder clay plateau, and parts of the Marshlands, 
least density on the drained Fenland and the Isle of Axholme 



I'ik >W l>isruiBunoNAL Maps —Tub (Shading Method 
Ti> show tlu* distribution of sheep in Southern England (Average ) 


The following figures («) as an aveiage for a period of tears and (h) for a 
single year, on which Figs 30 and 31 are based, are instructive in emphasising 
certain defects of the shading method 


District 


(a) Average 


(ft) 1920 


Cornwall 

Devon 

Somerset 

Dorset 

Wiltshire 

Berkshire 

Hampshire, exclusive of Isle of Wight 

Isle of Wight 

West Sussex 

East Sussex 

Surrey ... 

Kent 


619 

709 


060 

rm 

4 IS 


405* 

42h* 

624* 

114b* 

211 

124S 


466 
569 
364 
476 
285 
2.72 
235 
343 
319 

467 
135 
963 


Average is per 1,000 acres of crops and grass, and is for three years 1911-1?, 
except the administrative “ counties ” marked *, for which the average is for 
two years 1912-13. 
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Compared with Fig 26, which is baaed on the absolute number of sheep in 
each county accoiding to the 1920 figures, the shading method map shows an 
apparently equal distribution throughout a county, including areas like the New 
Forest, where there are few sheep To appreciate the shading, it is necessary to 
visualise the significance of the different shadings shown m the key (Fig 27), 
and this is less easy than studying well-placed dots The figures for 1920 are 
considerably lower than the averages, but the relative importance of the various 
counties as regards sheep is about the same Owing to arrangement of the scale, 
Devon in the average map seems as important as Kent This is not so, and if 



Kip. .It UisiEiBurio^AL Mam— Th* Shading Method 
To dhow the distribution of hhoc p in Southern England (For 1920 ) 


one or tuo ytlier shadings had been added, such as for over 800 or over 1,000, the 
prominence of Kent would have been more marked 

4, POPULATION MAPS 

Statistics for a population map are obtained fjom census returns Like crop 
and stock maps, population maps may represent either the number of persona 
per unit, area or absolute figures derived from tlic actual population of towns and 
villages Tn the former case, the shading or colour layer method is generally 
used , in the latter, use is made ol the dot method or of some other type of symbols. 
In population maps the shading method has the disadvantage of giving a sense 
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of uniformity to the distribution, and takes no account of the actual site of 
settlements The average for unpeopled moorlands like those of the Pennine 
plateaux is apparently the same as that for the more fertile dales with their 
villages and small market 
towns This misleading 
uniformity is very 
apparent on small-scale 
maps, whore it is not 
possible to make any 
distinctive symbols for 
town® 

The dot method, if 
the scale of the map is 
sufficiently large, and if 
a suitable unit is assigned 
to the dots, is moie defi- 
nite and more gi uphic It 
has a ( out reto aspect, foi 
we are dealing with the 
actual number of people 
and wit h actual sites The 
best basis for a popu- 
lation map where the dot 
method is used is a one- 
inch or half-inch Ord- 
nance map on which the 
sites of villages are show'll 
with reasonable clarity. 

The general location of 
habitations and the sites 
of churches are shown, 
and dots can be placed 
to coincide with these. 

It is important to select the unit carefully. For a rural area, a dot might represent 
a hundred, or perhaps two hundred, people, according to the size of the villages. 
These dots are put where the habitations occur, and it is possible to distribute 



Fig 32 Distributional Mats —The Dot Method 
To show the population of Lincolnshire, 1801 
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them m a fairly accurate way on a large-scale map When preparing a skeleton 
tracing from the Ordnance map, it is well to peneil-m lightly the habitations. 



Fig J3 Distruii noNAi Maps— The Rtiapimi Mfthod 
To show population ol Lincolnshire, 1021 Towns an, not 
included 111 dimity slum n by shading A black dot indicates 
towns of 10,000 to 20 000 inhabitants, a black square 20 000 
t.o 50,000, and over 50,000 if names we underlined in addition 


The pencilled marks can 
afterwards be erased If 
the area is mainly urban, 
or if any large towns oc- 
cur so as tonukeitmjpos- 
sible to use the normal 
sized dots, othei symbols 
must be used Dots of 
\ drying sizes might 
represent places with 
1 000, 0,000, or 10,000 
people, and special sym- 
bols such as squares 
or diamonds might be 
used for large towns 
A combination of the 
dot and shading methods 
is possible il we employ 
shading for avoi.iges 
without the inclusion of 
towns of a on tain si/e, 
say those of JO 000 or 
20, (HR) people upwards, 
mcreh using ceitain 
symbols for these laigcr 
towns This method is 
possible for an area 
mainly imal, but with 
a few fairly large towns 
It could be applied to 
Lincolnshire or Kent 
(Fig 33 ) 


Nf)le — Fig ,12 is based on the cenaus for 1801, Fig 38 on that, for 1921 The 1801 figures 
wore chosen liecause the population was then essentially rural 
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Some population maps are constructed on a punciple similar to a combined 
contoured and colour-layered relief map On the map lines known as isopldhs 
pass through places with the same unit of population, c g hundreds, thousands, 
etc , according to relative density in the region, and m principle resemble contours 
Between the isopleths various tints of selected colours give the layer effect This 
method is used for the O K population map of Great Britain on a scale of 1/M 
based on the 1931 census, and it must not he confused with the shading method 
In the latter the boundaries of the vanous kinds of shading are those of a parish 
or other political division, hut in the isopleth method the isopleths are the 
boundaries of various c olour-layer tints 

5 LIMITATIONS OF DISTRIBUTIONAL MAPS 

Distributional maps are frequently important visual aids in grasping general 
ideas. It would be vciv difficult to gam such ideas from mere columns of figures 
Howcvci, there is danger that anv distributional map mav be taken too literally 

The r alue of statistics vanes greatly Distributional maps for crops and stock 
ha\e only limited value, whatever statistics are used The Ministry of Agriculture 
returns are loi the whole yeai, they ate supplied by individual farmers whose 
letunis are then grouped according to parishes But m many parishes cattle 
are pastured during the summer and sent elsewhere to be fattened in fold-yards 
during winter To give a truer picture, winter and summer stock maps would 
lie desirable, hut this is impossible, because such seasonal iiguies are not available 
Numbers varv greatly from year In year and a map founded on a single year's 
figures mav not be m aecoid with normal < onditious Hence, it seems that fiom 
some points of view, maps might bo better if based on statistics for an average 
term of \eai->, say fne This would counteract anv abnormal conditions due to 
an exceptionally good or had vcai for imps or stock, and to some extent would 
allow for the effect ol i top rotation Averages may give a sense of artificiality 
and lack of reality, hut to some extent this can be counteracted by special maps 
for abnormal yiurs 

Population maps are based oil census returns which are made unee in ten 
years, and which for some distiiets may lie misleading. Census figures for public 
institutions, barracks, holiday lesoits, dornutoiy villages or suburbs, have obvious 
limitations, and deal with abnormal distribution of population which has little 
economic or geographical basis A dormitory suburb or village is where workers 
m a city or industrial centre live and sleep, but t heir numbers have not the same 
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significance as though they were counted where they work People living, 
possibly temporarily, m barracks or public institutions such as prisons or asylums, 
are of no economic importance to a district, and merely swell the population 
artificially. 

Population maps compiled to represent so many persons per square mile, 
and prepared on the colour-layer or shading method, can be more misleading than 
similar maps for stock or crops, misleading as these often are. This is particularly 
the case when figures for several laige towns are included in the average densities, 
or when a densely-populated district and an area of little economic value occur 
m the same administrative unit, and jointly affect the average 

The only reliable distributional maps are those (1) based on wisely selected 
figures, whose accuracy and lehabihtv have been carefully checked, and (2) com- 
piled m coi relation with the physical, and, if necessary, with the weather or 
climate map 

Adi .meed students mnv with profit consult the Ordnance Survey Agricultural 
Atlas of England and Wales The maps are compiled oil the dot method, but 
only for a single year They are reductions of a map based on large-scale county 
maps showing individual parishes, the statistics used being for such units Tims, 
the data are sufficiently detailed The maps aie oft transparent papei, and in a 
pocket at the end of the atlas are relief, rainfall, and geological maps to use with 
the transparencies 

Comparison of the first and second editions of tins atlas will show how maps 
based on figures for single years diffei 


6. THE USE OF STATISTICAL DIAGRAMS IN GEOGRAPHY 

Climatic statistics form the basis of various types of maps Mean monthly 
temperature, mean monthly pressure, form the basis of isotherm and isobar 
maps, for which purpose they are reduced to sea-level They represent average 
conditions, whereas the ordinary weather map represents actual conditions at a 
given tune. Moan monthly, mean annual, and mean seasonal rainfall figures 
form the basis of rainfall maps 

The practical construction of such maps resembles that of contoured maps, 
the figures for the various meteorological stations corresponding to the Bpot 
heights. In addition to their use for climate maps, temperature, pressure, and 
rainfall figures are used for curves and other graphs 
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Apart from their use for distributional maps, statistics give the raw material 
for graphs which are used for comparative purposes A curve can show the 
relative number, say, of sheep m different counties or countries, the number of 
acres under a particular crop m different regions, or the relative acreage under 
different crops m the same region Such comparisons can also be made by the use 
of lines of different lengths, or figures, such as oblongs and circles, of different area 
Similar methods, both curves and figures, can be used to compare the value or 
volume of a country’s exports and imports, or for almost any quantitative purpose. 

The idea of statistical diagrams is to show at a glance the significance of the 
statistics without reference to the exact figures Such diagrams, however, present 
the facts approximately In comparing the population of different countries, we 
generally talk of millions, and therefore a diagram constructed for tins purpose 
will show the nearest figures to exact millions, or possibly to half-millions m the 
case of smaller countries The population of England and Wales according to 
the 1931 ccnsub was 39,917,931, and recent figures foi New Zealand show a popu- 
lation of 1,461,000, but for the piupose of graphical representation, these figures 
could be reckoned as 39 9 or even 40, and 11 millions reaper lively If large 
populations, such as those of India and China, reckoned to be about 350 and 420 
millions, respectively, are included m a comparison some further reduction would 
be necessary In such a ease the unit might be ten millions, and so the proportion 
for England and Wales, India, and China, would be 4, 35, and 42, respectively 
Thus we see that preliminary adjustment of statistics is necessary Examp 
of such adjustment will be given in the following paragraphs 

In addition to the adjustment of the statistics, it is necessary to examine the 
latter carefully m relation to the size and scope of the proposed diagram To 
make this clear, we will consider some of the types of diagram usual m connection 
with statistics with geographical bearing 

The following table, showing acreage under beet m Great Britain for certain 
years, will serve as a basis — 


Year 

Acreage 

Year 

Acreage 

1 

1924 | 

22,637 

1927 

232,018 

1925 

66,243 

1928 

178,047 

1926 

129,463 

1929 

230,653 
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Such numbers might be lepresented by any one of the following wavs (1) by 
a curve showing fluctuations from year to year and similar in principle to 

temperature curves, (2) by straight 
1924 1925 I92fc (927 1928 1929 1inps lengths pi oportionate to 

the numbers; (3) by rectangular 
figures proportionate in area to 
the numbers, (4) by sectors of a 
circle, the angle opposite the arc of 
each sector being pi oportionate to 
the numbers 

Example ] Equaled paper is 
used for the curve (Fig 34 ) 
The vcitical scale represents quan- 
tities, the side of one small square 
representing 8,000 at res " Time ” 
is cornenientJy measured horizon- 
tall} along the base-line Horizontal 
distances enable a scale of years to 
be read, and in this figure, intervals 
of foui squares have been used 
between each year Zero gi\ os the 
base line, as the first vcitical rcud- 
Fur 34 mg will be only a short distance 

away from zero 

The statistics are adjusted to show the nearest numbeis representing 8,000 
acres, the actual acreage being divided by 8,000, giving for — 



We begin the diagram by marking on the vertical line repiesenting 1924 a small 
dot rather more than half-way along the side of the third small square from 
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zero (Fig 34 ) On the 1925 vertical line we make a dot 7 squares from zero 
Similar procedure is observed for the other years, and the various dots on 
the vertical lines are connected 
Though termed a curve, this dia- 
gram consists of straight lines, 
which are desirable to denote the 
drop from 1927 to 1928, and the 
rise from 1928 to 1929 

In this dingiam it was possible 
to take the base-line from zeio, 
as the first reading was notmanv 
squares ubo\e zero, and the 
highest reading required less than 
30 squares above zeio, thus, a 
diagram of convenient size and 
wotli reasonably large scale was 
possible It is always desirable 
to draw* mu h diagrams on as large 
a scale as the paper permits and 
scale can usually be gauged by 
caieful consideration of the base- 
line, winch should be as near as 
possible to the lowest figure m the 
statistics. If the lowest uumbei had been that for 1920, the base-line might 
have rcpiesented 120,000 

Example 2 — For a diagram where the proportions are indicated by straight 
lines, we might use j\, mch squared paper and take as out unit 1,000 acres, using 
5 6, 14*0, etc. , as our figures, each 1,000 ac res hi mg represented by one-tenth of an 
mch Thus, nearly xo inch would represent figures for 1924, 1 4 in for 1925, etc 
Or, w e might take 20,000 acres, n presented by 1 in , as the basis, and draw lines 
of 1 13, 2 81, 6 47 in respectively. Generally, m preparing such statistics for use 
m the diagram tluee significant figures are considered 

Example 3— For rectangular figures, one small square might represent 
400 acres. (Fig 35 ) 


acreage under beet. 

ONE SMALL SQUARE RE-PRESENTS 400 ACam 
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Example 4 . — The “ wheel diagram,” 
as it is called, also gives the actual sense 
of area. It is made by drawing a circle, 
at the centre of which are made angles 
proportional to the acreage (Fig 36.) 
This is done by considering each year’s 
acreage as a fraction of the total acreage 
for the series of years These fractions, 
when applied to 360°, ic a circle, give the 
angles for the various sectors Such a 
diagram only shows proportion, and not 
the actual acreage as shown by the curve 
or straight line 

If a circle be divided into 100 parts, it 
is easy to adopt method 4 for percentages. 

6. USES OF VARIOUS TYPES OF STATISTICAL DIAGRAMS 

The type of diagram noted under (1) is largely used for climatic purposes, such 
as representation of temperature and rainfall statistics Mean monthly temper- 
ature and mean monthly rainfall can be easily shown In such graphs the months 
form the abscissae, the temperature or amount of rainfall the ordinates. 
Temperatures are usually shown by actual curves In rainfall diagrams, 
the dots aie often connected by straight lines, and are thus given a prominence 
winch is not desirable m the case of a curve Such methods are appropriate, 
because temperature is continuous, while rainfall is discontinuous 

The mean monthly temperature curve is useful m gauging extremes of tem- 
perature. Temperature curves for a single month as well as for a year are 
possible, each da v y instead of each month being marked horizontally along the 
zero line Similarly temperature curves can be drawn lor hourly readings 
throughout any day Monthly or daily pressure charts are in like manner con- 
structed from barometrical readings, but there lias been considerable development 
m self-recording instruments winch automatically record curves of temperatures 
and pressures, and thus enable observations of maxima and niuuma to be made. 

Mean monthly rainfall can be plotted absolutely, or as a percentage of the 
mean annual fall. The latter method show's at a glance the incidence of seasonal 
rainfall, and is frequently employed in the diagrams of advanced books like 


ACRE ACE UNDER BEET 



Fig 36 
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Kendrew's Climates of the Continents, and hw Climate. The seasonal character 
of rainfall is an important aspect of climate in relation to crop production, 
and such diagrams are particularly useful in this respect 

As a rule, temperature and rainfall graphs should be plotted on separate 
diagrams The great difference in the vertical scale would generally 
result m unduly cramping the temperature, though a compromise might be 
attempted by placmg the vertical temperature scale on the left of the 
diagram, and the rainfall scales on the light Two or more temperature 
curves may be plotted on the same diagram for comparison, but care 
is necessary to prevent confusion and some distinction is usually made in 
the character of the curve 
lines, e g continuous, 
discontinuous, or dotted 
Rainfall is sometimes 
shown by lines on the 
plan of (2) noted on page 
91, or by blocks on the 
same principle. There is, 
however, no advantage 
over the curve, and blocks 
take longer to draw For 
a single station, a com- 
bination of temperature 
curve and rainfall line 
on the same diagram 
sometimes might be 
graphic (Fig 37) Ver- 
tical scale for tempera- 
ture would be reckoned 
on the left and for rain- 
fall on the right of the 
paper. In many cases, 
however, such diagrams 
would not be very clear, MEAN MONTHLY PRECIPITATION & TEMPERATURE 
and there is the disad- in berun tewp and Munich _ ppt __ __ 

vantage of having to read 



Fig 37 Soo tabii", on follow mg fiige 
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two scales A better plan is separate diagrams. The rainfall graph might be 
made on transparent paper for superposition on the temperature if it is desired 
to read them m combination, though there should be little difficulty m correlat- 
ing two ordinary graphs without superposition. 

The curve method (1) is useful for showing statistics illustrating economic 
and human geography where the time element is concerned For instance, 
fluctuations in population of villages or towns shown by a number of census 
returns, imports or exports for a senes of years, output of coal mines or of oil- 
wells for a period 


Tabies from wiiioii Curves in Fia 37 are Plotted 
Berlin (Alt 164 ft ) Mt mch (Alt 1759 ft ) 


1 1 
| Month | 

T'’mu 

i Pi wp 

Month 


llVeri^ 

| Month 

1 

T* mp 

Vntp 

Month | 

1 Temp | 

Pn’i p 

! Jan 

31 3 

! 15 

July 

1 04 4 

|17j 

, lan 

■ 27 3 

1 5 

July 

010 , 

48 

1 Feb ! 32 3 

1 5 

Aug 

1 63 3 


' Feb 

i 30 4 

1 J 

Aug 

01 5 1 

4 b 

March 

37D 

1 9 

Sept 

, 57 0 

17 | 

March 

■ 30 1 

, 2 2 

Sept ! 

55 4 

3 0 

April ' 

45 9 

, 1 4 

Oct 

, 48 2 

2(1 | 

April 

1 45 3 

2 5 

Oct 

4b 0 | 

2 5 

Mav 1 

54 9 

1 7 

Nov 

, 38 1 

2 0 

1 May 

1 53 1 

3 9 

Men 

35 0 ; 

21 1 

June' 

1)2 1 

25 

Dec 

32 7 

19 

1 June 

1 59 7 

A b 

]>CL | 

28 b . 

20 


Both arc Central European types of (Innate The altitude of Munich liirgi l\ account h for its lower 
temperatures and t ruhob home relief ram However, it is rathci more accessible to Atlantic 
mHuenres tliun jb Berlin 


Methods (2) and (3) are useful for quantities when stressing the time element 
is not important, as for the relative proportion of different commodities m a 
country’s total exports or imports. The circle method (4) on the whole is quicker, 
once the relative percentages or proportions have been reckoned, and is less 
cumbersome 

Comparison of Figs 34, 35, 30 will show the relative advantages of the various 
methods. If we wish to stress the various years, method (1) seems best, if the 
acreage, perhaps method (4) has advantages, though m this respect method (1) 
is useful. 

A ole —Firs 27-29, 32, 33, in tins chapter, and Fiji 2f>, are, with permission of Messrs G 
Bouttedgc & Sons, Ltd , based on diagrams in the writer’s Eastern England 
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WEATHER MAPS 

1 EXPLANATION OF SYMBOLS ON WEATHER MAPS 

Before the War of 1939-45, daily papers published a weather map, winch 
summarised the existing weather conditions over the British Isles and Western 
Europe, and gave a forecast of weather to be expected during the next twenty-four 
hours In England the official weather maps, on which newspaper maps were 
based, are issued by the Meteorological Office Tins is a Government Department 
under the Air Ministry, and emplovs a staff of highly trained scientists whose 
work is to compile and interpret the weather maps and to study weather 
conditions generally 

The official weather maps are veiv interesting, and their cost is not great 
In peace time the Meteorological Office supplies them for a relatively small 
subscription In older to derive the greatest possible benefit and enjoyment 
fioin perus al of these maps, careful study of the official handbook, The Weather 
Map (JI M S O ), is recommended 

An explanation of the various symbols used on weather maps is given below 
Further information regarding symbols is given in an Air Ministry publication 
entitled Instructions for the Pieparahon of Weather Maps (H M S 0 ) The 
daily weather maps published by the Meteorological Office are tnoie detailed 
than the smaller maps reproduced at the end of tins chapter, on which Beaufort 
symbols (explained on p 96) are used 

General 

Baiiometeii lsobais are diawn for intervals of two millibars 

Wind Arrows fly with wind Number oi feathers indicates Beaufort Force Nolo where 
half sized feathers ottui Calm is indirated by cirde outside weather symbol — (^) 

Tkiutebature is given in degrees F 

Weatiieu Symboi s — O Hear sky (Q Sky less than ^ clouded 0 Sky ^ to clouded 

CD Sky to ^ clouded 01 Overeast ski # Rain falling X Snow ★ Sleet A Hall. 
— Fog. S' Mist T Thuwiei E Thunderstorm 
95 





The Beaufort 

Beaufort Wind 

No 

Arrow 

Speed 

mph. 

0 

Calm 

o 

0 

I 

Light air 

A— 

2 

s 

Light breeze 

\_ 

5 

3 

Gentlo bi oezo 

\l . 

10 

4 

Moderate breeze 

'4 

15 

6 

Fresh bronze 

\k- 

21 

6 

Strong breeze 


28 

7 

Moderate galo 


35 

8 

Fresh gale 

%— 

42 

9 

Strong gale 

WVu 

50 

10 

Whole gal. 

\\\\\ 

59 

11 

Storm 

wwv . 

(i<) 

12 

Hurricane 

above 

75 

These velocities refer to 


Beaufort Notation 

AND 


b, blue sky (not mon than a quarter covered with , 

cloud) ! 

be, sky partly cloudy (one half covered) j 

c, generally cloudy 

d, dri77lt > , wt air g, gloom i 

f, fog, visibility 220-1 JtK) yd 

F, thick log, visibility less than 220 vd 

fa, fog ovfi sea (coast station) 

fg, fog on lower ground (inland station) 

m, rnmt, v isibility 1 ]<NI- 2200 vd 

h, hail l, inti rmittent • 

Jr . precipitation within sight of station : 

ks, storm of drifting snow 

k/s„, slight storm of drifting snow (gencraltv low') 
K/S, heavy storm of drifting snow (generally low) 
H 0 /k, slight st orm of di ift mg snow (generally h igh) ' 
S/k, heavy storm of drifting snow (generally high) ; 
Ky„ lino squall 1, lightning j 


Wind Scale 

Commonly Observed Effects of 
Corresponding Winds 

Calm, smoke rises vertically 

Direction of wind shown by smoke drift, but 
not by wind vanes 

Wind felt on face, leaves rustle, ordinary vane 
move d bv w ind 

Leaves and Bmall twigs in constant motion, 
wind extends light flag 

liaises dust and loose paper, small branches 
are moved 

Small trees in leaf I login to sway, crested 
wavelets form on inland waters. 

Lai gc branches in motion, whistling heard in 
telegraph wires, umbrellas used with 
difficulty 

Whole trees In motion, inconvenience felt 
when walking against wind 

Breaks twigs off trees, generally impedes 
pi ogress 

Slight structural damage occurs (chimncv pots 
and slates removed) 

Seldom experienced inland , lues uprooted, 
considerable structural damage oc c urs 

\ery lately expai ien< ed , accompanied by 
widespread damage 


33 ft above ground 

Symbols k>r Weather 

o, overcast sky p, passing showers 
q, squalls r, iam s snow rs, sleet 
t, thunder u, ugly, threatening sky 
v, unusual v isibillty w , dc w 
x, boat fi ost y, dry an 
7, dust hare, the turbid atmosphere of dry 
w c athi r 

h(r) “ hail ” or “ i.un and had ” 

Capital Jet tors indicate intense; suffix o indi- 
cates slight, repetition of letters indicates 
continuity thus It, heavy rain; r u , slight 
ram, ir, continuous ram 
With pn bc nt weather is combined, whenever 
possible, the general character ol tin- weather 
A “ solidus ” divides actual existing woather 
fiom preceding conditions tluir. — bt/r. fair 
weather after rain, — , has decreased , -+■ 

hoe increased 
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2. IMPORTANT TERMS 

Before considering types of weather maps and their interpretation, it is well 
to note the meaning of certain terms used m connection with such maps 

Barometric Pressure —It lias long been known that the air has weight, 
Therefore it must press upon the earth, and the pressure at any point of the 
earth’s surface is influenced by the quantity of air above, Pressuie at the foot 
of a mountain is greater than at the top, but at sea-level pressure at different 
places varies, as well as at the same place at different times Such variation is 
associated with changes of temperature, because the density of air is affected 
by temperature Hence temperatuie readings find a place on weather maps 

Atniosphein pressure is measured by the barometer The pressure of the 
atmospheie is the same as would be the pressure exerted by a layer of mercury 
as deep as the men ury column m the barometer is high Jt is usual to give the 
pressure of the atmosphere in inches or millimetres of mercuiy, and such are 
termed barometric readings The density of mercury can be lound, and it is 
easy to convert this into units of weight per unit of area The average pressure 
at sea-level is 29-9 in , which represents about 14*7 lb pei sq in Formerly, on 
weather maps baiometnc piessures w r ere expressed in inches, hut now they are 
indicated in “ millibars,” one thousand millibars being equivalent to 29 53 m of 
meictiry Conversion of inches into millibars or mcr vena is a matter of simple 
proportion, for instance 950 millibars — 28 05 m , 1,050 millibars — 31 01 m. 

Isobars — Isobars are lines of equal barometric pressure, being drawn through 
places where the pressuie (reduced to sea-level equivalent) is the same They can 
be compared with contours, the “ vertical interval ” generally being 4 millibars, 
w r hich corresponds to about i inch of mercurv 

Barometric Gradient — The barometric gradient is the late of fall of 
barometric pressure measured at right angles to the isobars The unit of 
barometric gradient is a fall of ^ m in 15 nautical miles Thus, if isobars 30*1 
and 30 3 are 20 nautical miles apart (measured at right angles to the isobars) 
the gradient is ^ in in 20 ml . or ^ m m 15 ml , that is, it will be 10 Where 
isobars are close together and the gradient is thus high, wands are strong, where 
isobars are far apart and the gradient is low, winds are light 
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Isotherms — Isotherms, or lines of equal temperature, are drawn through 
places having the same temperature when reduced to sea-level On British 
weather maps temperature is reckoned in degrees Fahrenheit, but the isotherms 
are not actually drawn, the temperature readings only being inserted on the site 
of each meteorological station Isotherm maps are associated with climate 
rather than with weather 

Isohyets — Isohyets, or lines of equal rainfall, are drawn through placeB 
having the same amount of rainfall for a given period month, season, or year, 
as the case may be It is obviously impossible to draw them with any accuracy 
on weather maps which usually indicate the weather for a period oi twenty-four 
hours On weather maps, a special symbol is used to show that lam is falling 
at a given station and other symbols are used to indicate to what extent the 
sky is clouded There are also symbols for snow, hail fog, mist, and other 
meteorological phenomena 

Isallobars — These are lines drawn through places where the barometer has 
risen or fallen bv the same amount dunng the preceding thiee hours Inset maps 
showing isallobars may be given on weather maps, and are useful for comparing 
the barometric rise or fall at different places 

Depressions and Anticyclones —A depression (or cyclone) (Figs 5 It, 57) 
is an area of low pressure surrounded by high pressure An anticyclone (Fig 48) 
is an area of high pressure surrounded by low W eat her reports to-dav refer to 
“depressions” rather than “cyclones,” the latter term being consideied more 
suitable for certain tropical storms 

3. RAW MATERIAL OF THE WEATHER MAP 

A weather map may represent conditions (a) at a given instant of time, e q 
the daily W’eather map of Butain or the U S A , (6) average weather over a 
period, eg over a month or year. Maps of the latter type deal with climate 
rather than weather, climate being the sum total of average weather conditions 
Weather may refer to the state of the sky, e g cloudiness, rain, snow, mist, fog, 
etc , the tempeiature and humidity of the air, wind, its direction and strength; 
and, especially for aviation, visibility Previous to the construction of a weather 
map, careful and systematic observations of most of these items are necessary 
In connection with such maps, there is a type of observation, not of actual weather 
conditions, but important as a key to them, viz barometric pressures. 
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It was in 1860 that the first official observations were dealt with by the 
Meteorological Office, which had been formed a few years previously. The first 
official weather maps were made m 1872 It was not until the latter part of the 
nineteenth century that results ot observations were received from stations in 
Central Europe At the beginning of the 1914-18 War, results oi fairly full 
observations were icceived from the Azores, the continent of Europe, and ships 
at sea, and use was made of wireless telegraphy The needs of aircraft, etc , 
made it necessary during the War to develop more thorough observations of 
the upper atmosphere, anrl, as a Jesuit, considerable progress was made m 
foiecasting. Further advances were made m 1989-45 and for similar reasons 

The most important countries of Europe, with the C S A maintain many 
observing stations, which at agreed hours m the 24, make observations, the times 
being fixed bv international agreement Results of these observations are 
reported by ordinary or wireless telegiuphy to the central office in each country, 
hoin whit h they may be sent abroad 

At the fixed hour the trained observer goes out, notes the state of sky, the 
amount and type of cloud whether there is an\ precipitation, whether visibility is 
good or bad also the direction and strenglh of the wind (unless there is a wind 
iccoidei) the tcmpeiafurc at the temperature screen He examines the ram 
gauge and measures the amount fallen, he reads the barometer or baiograph 
All these results are transmitted by code At the internationally agreed hours, 
ships at sea take as many observations as possible, and transmit them by wireless, 
giving their position, these lesults are pn keel up by land stations and sent to the 
Central Office Twice daily, the 1 S A sends a wireless report of conditions in 
the OS and Canada Hero are the essentials for making a map, presuming it 
to be loundcd on periodical observations These observations must be made 
and recorded scientifically, i c instill incuts must be accurate, obsei vations must 
be made act ui.it ely and simultaneously Regulai and speed} transmission of 
news to the Central Office is neeessai} Also, there must be uniformity in 
methods of observation 

4 THE POLAR FRONT THEORY 

For an understanding of certain of the w r eathei maps given on subsequent 
pages, it is necessary to grasp the Polar Front Theory, now generally used to 
explain the ongm and character of depressions The theory asserts that masses 
of relatively warm and cold air are brought into contact These masses are 
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known as polar and equatorial air, from their source of origin. Polar air is cold 
and dry, equatorial air is waini and moist. These masses of air are held to flow 
m roughly parallel, but in opposite directions respectively from N.E. to S W. 



Pip Dmuhammatic KmuskfliAMOH or 

THE PolrAK FhoMJ 

(Thwrt'tKiil idoH Conditions &n» now liable) 



Fir .19 


and S W to N K (Fig 38) The line 
of separation is termed the polar front. 
The streams of warm and cold air do 
not always, maintain the directions 
shown in Fig 38 When a depression 
is forming a bulge of warm air develops 
towards the north, and the waim air 
pushes up hi to the cold, as shown ui 
Fig 39, where the broken line repre- 
sents the approximate position of the 
polar front, before this movement took 
plate At the forward boundary of 
this bulge, or warm sector as it is 
called, waim an ii blowing agam.it 
colder heavier ail and gradually rising 
over it. At the rearward boundary of 
the warm sector heavier colder air 


begins to undercut the waim air and to lift it off the ground (Fig 40) At. the 
same time, the warm sector as a whole moves forward with the depression of 
which it forms a part, and rotates very slowly about the centre of its depression 



As the forward boundary of the warm sector reaches a given place the 
colder air m front, of the warm sector is replaced at that place by warmer air 
Henoe the forward boundary of a warm sector is called a warm front, since its 
passage is accompanied by a rise m temperature At the rearward boundary 
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of the warm sector, warm air is being replaced by colder air, and this boundary 
is called a cold front. 


The cold front of a 
warm sector moves for- 
ward at a greater speed 
than the corresponding 
warm front, so that the 
cold front gradually over- 
takes the warm front and 
the warm sector decreases 
in size as more and more 
of the warm an is lifted 
light off the ground (Fig 
11) This o(‘< urs hist at 
the tip of the w arm sector 



When all the warm dll Fir 42 IAaurammatic Rkirksentiation ok Fronts os a 
has been lifted off the WITHER Map The linen AB and XY are the dirrci,oi.H of 
the flewttmriN shown m figs 4,1 arid 44 re*peetirch 

ground the warm sector 

is said to be occluded, and the line along whieh the w r arm air left the ground 
is spoken of as an occluded front or more bneflv as an occlusion. 



Fig 4.} Elevation along: lino All in Fig 42, allowing cloud tvfx a in warm wcfoi Note that 
the veitnal scale has lx on griatU exaggerated in propoition to the horizontal scale 
J >13 mav represent a distance of perhaps IKK) or 000 milen 
Ci, nrrm , Ca, euro atratus , At, alto-si ratus , Ns nimbo stiatua , Si, shalua. Ac, alto- 
uimuluB Cb, oumulu nimbus 


The position of fronts is marked on weather limps bv lines of rounded or 
pointed “teeth. 1 Rounded teeth are used for warm fronts, pointed teeth for 
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cold fronts, and altemale rounded and pointed teeth for occlusions (Fig. 42) 
In each case the teeth point in the direction in which the front is moving 

As the warm mr slides up over colder air at a warm front, the air cools 
and condensation of water vapour occurs with the formation of clouds and, 
latex, rain Sinulaily clouds are fonned at. the cold fiont where warm air is 
being undercut by the (older air behind the front, but the upward movement, of 
the warm air is not so smooth and regular here as at the waini fiont and so we 
tend to get shower and thunder clouds with a cold fiont, instead of the layer or 
sheet clouds associated with a warm front (Fig 43) 

5 WEATHER ASSOCIATED WITH DEPRESSIONS (Fig* 19 52, 55, 57) 

The isobars of a depression, sometimes known as a c\ clone, a term, however, 
better reserved for a type of tropical storm, are roughly circular or oval with 

isobars of lowest pressure inside 
The size of depressions vanes 
groatlj , the height is relatively 
small A depression is seldom 
stationary In gcncial, the move- 
ment of depressions in N W Kui ope 
is usually in an eastcilv direction 
The direction of movement of a 
giveu depression on a weather map 
is usually the same as the dnection 
of the isobars in the warm sector, and also is in the direction m which the 
fall of pressure is most rapid (as indicated by the baionietnc tendencies shown 
for the various reporting stations) 

The first sign of an approaching depression will be cnrus clouds, winch give 
place to enro-stratus, and these in turn to alto-stratus, followed by mmbo-stratus 
and rain During this period the barometer falls steadily, but visibility is good 
until rain falls Cirrus clouds are detached clouds of delicate and fibrous 
appearance, generally white, enro-stratus is a thm, wdntish veil which does not 
blur the outline of the sun or moon, but produces halos, alto-stratus resembles 
a fibrous veil, grey or bluish, mmbo-stratuB is a low 7 , amorphous layer, dark 
grey in colour 
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When the warm front arrives, temperature will rise, wind will veer, i r change 
direction clockwise, and pressure continue to fall, but more slowly Ram, at 
first intermittent and then continuous as the warm front approaches, ceases or 
becomes a drizzle after passage of the warm fiont Visibility is poor, possibly 
with fog or mist Cloud will be stratus, tea uniform layer of cloud resembling 
fog but not resting on the ground, or alto-sl ratus During passage of the warm 
sector temperature is usually fairly constant and there is drizzle rather than rain 
During passage of the cold front temperatuie falls quickly, wind veers, and there 
may be squalls, there is hea\ y ram, perhaps with hail oi thunder, pressure rises, 
and visibility is usually poor Visibility rapidly becomes good or very good 
after passage of the cold front In the cold air behind the cold front continuous 
lain soon stops, but there may be occasional rain showers, w r ith less cloud This 
is <1 general and necessarily an ' ideal ” description of a polar front depression, 
and individual depressions will of course vary in some details 


6. WEATHER ASSOCIATED WITH ANTICYCLONES (Figs +8, hO, 53, 54, 56) 

An anticyclone oi ' high f? <• high pressuie aiea) is an area of high pressure 
surrounded b) low Isobars near the centre of an anticyclone aie geneially wide 
apart, and thus indicate light winds, and anywhere in the anticyclone the winds 
are randy of more than moderate strength In connection with anticyclones 
it is uselul to consider lapse-iato m conjunction with stability and instability 
Lapse-rate is the late of tall of temperature with increasing height, and can be 
measured anywhere, r q we i ould speak of the average lapse-rate in the first 
titty feet lrom the ground. A negative lapse-rate, i e temperature increasing 
with height, is called an inversion This term is also sometimes used for the level 
at which the maximum temperatuie occuia The average lapse-rate is 3 3° F 
per 1,000 ft Air having a low r lapse-rate is relatively stable, and air with a high 
lapse-rate, e ij polar air, is unstable and gives showers, etc An inversion has 
important effect on weather, because it renders the air very stable, so that rising 
air cannot penetrate the inversion but is forced to spread out wdicmt reaches the 
inversion layer Jn anticyclones there is an inversion well above the surface 
If the rising air contains cloud, the cloud will also spread out m sheet form 
Under such conditions the very fine water droplets that form the clouds arc unable 
to coalesce sufficiently to produce drops large enough to fall as ram Hence we 
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understand why ram seldom falls m a well-marked anticyclone, although drizzle 
may occur, with dull overcast skies 

There are two types of anticyclone, both give quiet, lair weather, but one haB 
kttle cloud, hence a heat wave in summer and a cold spell of severe weather m 
winter Clear skies give (a) heat waves in summer because there is no “ cloud 
blanket ” to check free play of the sun’s rays, and ( h ) cold spells in winter 
because there is no cloud to check Iobs of heat by radiation during the long 
winter nights. The popular idea of associating anticyclones with good weather 
is due to the character of summer anticyclones, and the absence of rain in 
anticyclomc weather In middle latitudes anticyclones can be classed as cold or 
warm The former occur when a current of cold air moves southward in the 
rear of a family of depressions, the greater density of this cold an causing 
increase of pressure Highs of this type are essentially of maritime origin, as 
their association with depressions shows They seldom last beyond a few days, 
but over the land the winter cooling oi the earth s surface may prolong thorn 
A cold anticyclone may develop into a waim anticyclone Warm anticyclones 
of middle latitudes may be (a) an extension from the subtropical high, sometimes 
known as the Azores High, or (6) a development from a cold anticyclone A 
warm anticyclone of type (a) results in a spell of hue warm weather over the 
land in summer, but at sea causes fogs during spring and summer and fogs 
due to radiation over the land in wn ter 


7. OTHER PRESSURE SYSTEMS AND THEIR WEATHER CONDITIONS 

Thu Secondary Depression — This is a low-piessuie system contained m a 
bigger one Secondaries vary m intensity from just a slight, bend m the isobars 
to a system that contains closed isobars with steep gradients and well-developed 
winds They tomi in any part of a depiession, but develop most on the southern 
side They c a use increased wind on the side furthest from the mam depression, 
and have their own wind circulation apart, from that of the main one The 
easterly winds on the north side arc less strong than the westerly winds on the 
south side, and some of our strongest winds are associated with secondaries 
This is because the centre of a primary depression is often north-west of Britain, 
so that we escape winds from the primary, but receive those of the secondary 
The southerly gales m fronl, and the westerly galea on the south are strong and 
often do damage The weather in a secondary is similar to that of a primary— 
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warm and cold fronts, giving clouds and ram Secondaries are the most common 
of depressions here, they often move anti-clockwise round a pninarj. (Fig 46). 

A Trough of Low Pressure, formerly known as a “ V-shaped depression, ’ 
is associated with the warm or cold front of a depression If it. is of the warm 
front, rain mav be persistent before the depression passes, and may give place 
to mild, cloudy weather behind If it is of tile cold front type it. will cause cleanng- 
ahowers with bright, skies and cooler weather Such troughs are sometimes 
found without, an associated front (in which case there is no discontinuity m 
the direction of the isobars, such as occurs at. a front) A deterioration of 
weather is usually found with non-fiontal troughs 

A Ridge, formerly known as a ‘ wedge,” is a region of high pressure where 
the isobars take the form of an inverted V Pressure is high within the V a 
ridge usually projects north from a high-pressure area, and has lows to the east 
and west It genei ally moves east with depressions and wears away Kidges 
are usually regions of fine w'enther (Fig 47) 

The Poe — A col is a central region between tw r o highs and two lows In a 
(•<>] conditions are neither cm Ionic nor antnyclonic, but it is a region of calm. 
In w Intel, weather is calm and foggy, in aumrnei if the sky is clear, theie may be 
thunderstorms It is a kind of ‘neutral' region (Fig 51) 


8 FORECASTING 

Modern weather forecasting is pnmanlj, based on (1) the study of air masses, 
particularly their relation to one another, and (2) their physical properties, 
especially temperature, humidity, and pressure All masses are classified 
according to their probable origin, eg air of what is broadly termed («) polar, 
(b) equatorial origin Each of these cold or warm an masses may be subdivided 
into (1) maritime or (2) continental air, according to ougm The origin of these 
air masses is inferred fiom their properties — tempeiatuie, dew' point, lapse-rate, 
etc The last named is found from upper air observation by aircraft, or radio 
sondes It can also sometimes be inferred from surface phenomena, e.g a showery 
type of weather is associated with polar air, which is unstable owing to its high 
lapse-rate 

The forecaster will also have to identify the fronts separating these various 
air masses and to estimate the direction and rate of movement of each front 
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When this has been done, he is m a position to judge when the conditions associated 
with these fronts may be expected to reach the area for which he is forecasting. 
Such a forecast as “ Rain spreading eastwards across aiea ” will have been based 
on the identification of a warm front or occlusion approaching the area from the 
west The speed at which the front is moving will have been estimated from the 
distance it has travelled between successive charts (which in British foiecast 
offices are drawn every three hours) 01 , failing this, from the speed of the upper 
winds 

Very detailed and accurate forecasts over wide areas are possible for a few 
hours ahead and are of great value foi aviation purposes but m Western Piuropean 
areas the forecasting of conditions for more than 24 hours ahead usually involves 
an appreciable element of doubt To understand why this is so, let us consider 
a particular case* Let us suppose that the forecastei has identified a secondary 
depression out in the Atlantic which, on the basis of the necessarily somewhat 
scanty reports from such an area, he estimates to be travelling towards the mouth 
of the English Channel at, say, 115 m p li (speeds of 50-00 m p h are b\ no means 
rare) In 24 hours this depression will have travelled nearly 1,000 miles The 
centre of the depression may now be moving across northern P'rance or up the 
Channel, or across southern England or the depression may have turned north- 
wards and be moving up the Irish Sea The forecastei is awau* of these 
possibilities and of the very different weather they would bring to, sav, southern 
England, but the infoiniation at his disposal when he has to issue lus forecast 
rarely permits him to do more than select the most probable of the vanous 
possibilities On the other hand, in special circumstances, it is possible to issue 
satisfactory forecasts tor two or three days ahead, more particularly during 
anticyclome weathei 

The following maps with the notes on them, illustrate typical weather 
conditions They are adapted from The Weather Map, by kind permission 
of the lhre< tor of the Meteorological Office and the Director of H M Stationery 
Office These maps, in which the Beaufort symbols and notation are used, are 
simpler than the maps issued w r ith the Daily Weather Report Acknowledgment 
is also made to Meteorology for Analon by Dr R C Sutcliffe, and to Weather 
Study by Protessoi David Brunt 




























CIIA1TEK X 

SOME POINTS ABOUT CLIMATE MAI'S 

1. THE DIFFERENCE BETWEEN CLIMATE AND WEATHER MAPS 

There it ( onsiderable difference between climate and weather maps The 
weather inap is essentially composite, most aspects of weather beimi shown on 
one map, whereas the ehmate mop is moie spetiahsed, being, as a rule, used tor 
only one mam aspect 

Isobars are the most prominent fea lures on tlie weather map, but no Inin s are 
used for temperature and iainfall Temperatures are shown bv numbtus near 
the obseivmg station, and are similar to spot heights on a contoured map Kaui- 
fall and degree of cloudiness aio indicated by .symbols, and there aie various 
symbols and letteis ior other aspects of weather (See page Ob ) Thus, though 
a maximum of information is given on one weather map, it is not overcrowded 
as w T ould bo the ease ll isotherms and isoli\ ets veie used Too fcwv observations 
W'ould be available for the latter, and quant it) of rainfall is essentially a subject 
for averages, so on tbo weather map jt is suflicienfc to indu ate that lam was falling 
at individual stations 

Separate climate maps are generally used to show temperature, pressure, and 
rainfall conditions, using isothcnns (see page OH), isobars (see page 97), and 
isohyets (see page 98) respectively The isotherms arc given on a separate 
map, because to include isobars with isotherms would lead to confusion, though 
sometimes study of certain isotherms may help understanding of the isobars 
Low temperature is often a clue to high pressure, and high temperature t,o 
low pressure It is better to study jointly separate isotherm, isobar, and 
rainfall maps drawn on the same scale and projection than to crowd too much 
on one map. If maps drawn according to the same scale and the same projection 
are used, comparison and correlation of the various elements of climate wull be 
easy Arrows .showing broadly the direction of the chief planetary winds can 
be combined with isobars, and would not be intelligible without the latter. 
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2. TYPES OF CLIMATE MAPS 

Isobar, isotherm, and rainfall maps are constructed on the same principle as 
contour maps The method is simple as long as observations from a sufficient 
number of stations are given In rainfall maps, after the isohyets are drawn, 
shading or coloui layering is often used between the lines This is logical, as 
rainfall gives a concrete quantitative conception impossible in the case of tem- 
perature and pressure The lattei merely indicates the behaviour of mercury 
in a glass tube, whereas rainfall is a tangible thing The colour, generally various 
tints of blue, indicates, aceoidmg to the yearly average, that, sav, between 60 
and 80, or ovei 80 in of ram have fallen in a specified region The same thing 
could bo read from the isohyets alone but shading emphasises the difference, and 
the darker shading enables us to identify the districts of greatest rainfall 

Relief lias considerable influence upon rainfall (see page 12>), and to under- 
st and the rainfall map easily it is desirable at the same time to refer to a relief 
map Altitude affects tempeiature and pressure, so before temperature and 
pressure maps are made, the statistics arc ‘ reduced to sea-level ” in order that 
the resulting isotheirns and isobars may be less complicated 

3 REDUCTION OF DATA TO SEA-LEVEL EQUIVALENT 

Kedur non to sea-level means that certain adjustments are made to cause the 
figures to be as nearly as possible what they would be if the places of observation were 
actually at sea level Rate of fall ol temperature with increase of height (known as 
temperature gradient), vanes from time to tune aud ui different places. The average 
of many observations lias shown that in round figures 300 ft may represent the 
ascent producing a drop of 1° K For shoit distances, as we go up, for instance in 
certain Swiss valleys, there may be increase of lemperatuie, known as temperature 
inversion, but such a possibility can be ignored m making temperature maps. 

Isotherms reduced to sea-level give little information about actual tempera- 
ture conditions, except on lowlands or relatively low uplands In Tibet and the 
high lands of central Asia, which are 15,000 or more feet above sea-level, they 
give quite a false impression, Tibet in July apparently having a higher tempera- 
ture than the plains of Northern India, which is quite contrary to the real facts 
However, if the isotherms were drawn from unreduced temperatures, readings 
from many more stations would be necessary, especially in regions of diversified 
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relief There would be a very erratic temperature gradient unless bo many 
isotherms were drawn that the map would be overcrowded By an erratic 
temperature gradient we mean unequal intervals between isotherms 

Isobars reduced to sea-level may give a generalised impression not m accord- 
ance with actual conditions, especially m very high land A station at sea-level 
may show the reading of 30 m , another station on a mountain not very far 
away may show, say, 25 in If these readings were plotted directly on the chart,, 
the result would be a big gradient necessitating verv crowded isobars, and we 
should expect great gales where possibly they do not oceui Hence to obtain 
comparable figures we must reduce readings to the same standard, and sea-level 
equivalent gives such a standard 


4 INSOLATION AND TEMPERATURE 

The sun is the chief factor in the control of climate, as it directly affects 
temperature, which is the most important element of climate, because ol its 
influence on pressure, wmdR, and rainfall The distribution of temperature over 
the surface of the globe, the diurnal and seasonal changes of temperature, are 
influenced by \anations in the duration and intensity of sunshine The intensity 
and duration of sunshine mainly depend upon (1) the angle at wine li the sun's 
rays strike the earth , (2) the length of day Both (1) and (2) depend upon latitude, 
and if the suri alone weie concerned, all plates on the same parallel of latitude 
would experience the same temperature Various factors, however, disturb 
tlus uniformity, e q distribution of land and water, mountain barners, prevailing 
winds, and ocean euirents 

The temperature of a place is represented by the difference between the 
quantity of heat received bv the earth fiom the sun (insolation) and the amount 
lost, by the earth through radiation. 

The more direct the angle at which the sun's rays strike the caith, that is, 
the nearer it approaches a right angle, the greater will be the insolation The 
angle vanes according to the latitude of a place, and at the same place it may 
vary aceonling to season In England, at London, at the summer solstice (June 
21st) the sun’s rays strike the earth at an angle rather more than two-thirds 
= eight-twelfths of a right angle, while at the winter solstice (December 21st) 
the angle is only J, i e three- twelfths of a right angle Thus in June the insolation 
is much more lhan it is in December 
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The longer the day, the greater the insolation, so that the length of the polar 
day compensates for the acute angle at which the sun’s rays strike the earth in 
polar regions 


5. BENDING OF ISOTHERMS 

The distribution of land and water influences the course of isotherms Owing to 
its higher specific heat, i e its slower heating and cooling capacity, water will be cooler 
than land in summer and wanner m w inter This accounts for the curious bending 
towards the equator and the poles of isotherms drawn on the sea If they bend 
towards the pole, as off Western 
Europe in winter, we icaljse that 
the sea is then warmer than the 
land, for, as it were, a tongue of 
warmth out the sea is pushed 
tow aids the pole Realisation of 
this lact is a great, help m reading 
isotherm maps Poleward bend of 
w intei isotherms cspei mlly 32° F , 
over the North Sea and adjoining 
Vtlantif Ocean is also due to (he 
warm Atlantic Drift which tends 
to heat the air blowing towards 
Europe as south-west winds 

6 &ANGE MAPS 

Temperature maps are usually 
liouing the 

mean of actual tempeiature obser- 
vations for a single mouth oi for 
the whole veai, but there is another type of temperature map known as the 
range map. (See Fig 58 ) 

Range is really 1 ho difference between the highest and the lowest, temperatures 
ever experienced at a place This is the absolute range of tempeiature, but it 
cannot easily be shotvn on a map, because such maximum and minimum tem- 
peratures varv from year to vear The aveiage of such maxima and minima for 
a penod of years is known as the mean annual extreme range, but a better way 
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is to take the difference between the average temperatures for the hottest and 
coldest months This difference is often called the mean annual range 

In a fairly large area the hottest or the coldest month may not be the same. 
The coldest month at one station may be January, at another February, at these 
stations the hottest month may be July and August respectively However, the 
range can be ascertained by taking the difference between January and July in 
the one case and between February and August m the other In such a case the 
range maps are made by plotting at each station the ranges thus ascertained, and 
then proceeding as for isotherms or contours 

There is another and more giaphu nay of constructing range maps Take, 
drawn on the same scale, isothenn maps for the coldest, and the hottest month 
On one of these maps trace the isotherms fiom the other Where one isotherm 
(coldest month) cuts another (hottest month) find the difference between their 
values, and insert, this difference, like a spot height, at the point of intersection 
Such differences are range values, and the range lines can then be drawn like 
contours No range-line must cross an isotherm except at intersections, but 
range-lines must c ross both isotherms at the intersection 

In practice, it is well to draw the cold month isotherms in pencil, those of the 
hot month with a lighter black ink line Range lines can be drawn with coloured 
pencil or red ink, and will thus stand out boldly. 

7. RELATION BETWEEN ALTITUDE AND PRESSURE 

Barometric readings “denoting pressure ot the atmospheie are always lower 
on the top (less dense air) than at the bottom (denser an) of a mountam. Near 
sea-le\el a layer of air 9 ft thick is approximately equal m weight to a layer of 
mercury m thick Hence for every 9 ft the baiometer is raised, the reading 
will be ^ m loss If air were at all times and in every place of the same density, 
the height of any mountain would be obtained by reading the barometer at the 
bottom and at the top reckoning the moan as hundredths of an inch and multi- 
plying by 9 However, the density of air is affected by both altitude and tem- 
perature. Tables arc given containing what are known as “ factors ’’ for certain 
mean pressures and mean tompexatures, and these factors are used in the way 
that 9 would be used as suggested abo\e if air were a constant density, For 
instance, d the mean baiometric pressure is 29 in , the factor for 30 J F. is 9, 
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for 40° F„ 9 2, for 50° F , 9 4, if 30 in , the factor is 8 7, 8 9, 9 1 for the same 
temperatures. 

The height is found by reading the barometnc pressure, say, 30 m at the foot 
of a hill with temperature 45° F and 28 in at the top with temperature 35° F., 
representing a difference of 200 hundredths of an inch This gives a mean of 
29 in pressure and 40° F tempeiature Therefore the factor is 9 2 and the 
height is 9 2 x 200 — 1810 ft Approximately 900 ft of ascent will correspond 
to a drop of one inch of mereurv so to reduce to sea-level, one inch ior ever} 
900 ft of height is added to actuul barometric readings 


8 CAUSE AND TYPES OF RAIN 

Cause of TUin — A ir at any given temperature and pressure ran contain 
a definite amount of water vapour uncondensed and invisible When it contains 
the maximum amount it is said to be saturated, and the temperature at which 
saturation is reached is called dew point If air is cooled beyond dew point somp 
of the water vapour is condensed ns mist or cloud, and if the cooling is continued, 
ram falls lleuce cooling of air is the primary cause of ram Expansion on 
using is the most usual cause of cooling There are various causes of rising and 
they differentiate certain types of ram, namely — 

Relief Rain —This is caused when air blowing from a relatively warm 
sea comes in contact w ith coustal mountains, is foieed upw ards and so c ooled beyond 
dew point The prevailing westerly winds bring heavy relief rain to the coastal 
districts of the Butisli Isles, and of countries like Norway, where then* is high 
laud along the coasts 

Cyclonic Rai nt — This is due to upwaid movement of air m connection 
with low-piessure systems or cyclones (See Chapter IX , Polar Front Theory ) 

Convechonal Rain —Land is heated In the sun and when insolation 
(see page 122) is groat, the an becomes verv warm and rises m the foim of con- 
vection currents It thus expands and cools, thus producing ram Equatorial 
ram over the land is largely conventional, the summer ram of the steppes and 
prairies is also largcl} of this type 

Rainfall Mats — Usually m atlases and textbooks there is a map known as the 
mean annual rainfall map. It is based on averages for the whole year extending 
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through a series of years. Such a map gives a very fair idea of the average 
quantity of ram m various districts, and if of the world, the isohyet of 10 in. 
corresponds very closely with the dry deserts 

However, the geographer studying crop distribution or tree growth must know 
not merely how much rmn falls ui different parts of his regions, but also when it 
falls That is, he must know whether it is largely seasonal, as m monsoon or 
Mediterranean lands, or whether it is evenly distributed throughout the year 
Hence, something more than the mean annual map 13 necessary A map for each 
month is helpful, as well as one for each season, and certainly one for both hot and 
cold seasons Some maps show the total quantity of rainfall for each season, 
others the season’s amount as a percentage ot the year’s fall 

Rainfall to a very great degree depends on wind -direction and relief Wind 
direction is associated with the world systems of high and low pleasure, so that 
in some degree isobar maps assist us in differentiating regions of heavy or light 
ram, and of seasonal vaiut.ions in rainfall As a rule, low pressure areas are 
associated with heavy rainfall, whereas high pressure areas, where the descending 
winds are drv, have much less ram 

In most good atlases there arc climate maps adequate to illustrate points 
referred to in this chapter 

Exercises on Wealkei and ChiwiU Maps me given on pages 228-155 
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MAT PROJECTIONS LONGITUDE, LATITUDE, AND SCALE 

1 GENERAL IDEAS ON MAP PROJECTION 

A Map Projection is sonic method of representing on a sheet of paper the lines 
of latitude and longitude of the globe Such lines are known as parallels of 
latitude and meridians of longitude The earth is not a peifect sphere It is 
relatrvelv flat around the poles, and has been termed an ‘oblate spheroid of 
revolution,” that is a figure produced by revolution of an ellipse around its 
shorter n\i> The polar diameter is shorter than the equatorial diameter, but on 
a globe ol. sav, 5 ft diameter, the difference would amount to only a verv small 
fraction of an inch Tor pratlu ul purposes the geographer may regard the earth 
.1 s a spheie Wlurn he wishes to make a map on a flat sheet of paper, it is necessary 
to adopt some means of tiansferniig to this paper the* network of parallels and 
meridians m such a way that some approximation to the actual network of a 
globe* is produced Absolutely perfect, representation is impossible, for mathe- 
matical reasons, which need not be discussed here 

Though a globe is the* onl\ means of representing the earth's surface acc urately, 
any globe laige enough to show clearly the* features of small but important 
count lies would be both expensive to make and very cumbersome to use Hence 
there is iccourse to maps, which, though not mathematically perfect representa- 
tions of the globe, can lie nude sufficiently accurate for all pi actual purposes 
it their limitations be undeistoocl and if the purposed the map is borne m mind 
The usefulness of a map for leit.im purposes depends upon the character of the 
projection used for the network of parallels and meridians There are various 
ways of projecting these lines from the sphere to a sheet of paper Each method 
of projection has its own advantages and disadvantages fox specific purposes. 

One projection ma> have both parallels and meridians as straight lines 
(Mercator, page 144), another may have them both as cmves (Bonne, page 146), 
another may have curved meridians and straight parallels (Mollweide, page 150, 
where, as in Bonne, one nieudun is a straight line), another may have curved 
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parallels and straight meridians (Simple Conic, page 138) These and other 
projections will be described in subsequent pages, and their usefulness for parti- 
cular purposes will be noted They are mentioned here to show that parallels 
and meridians, which are curved on the globe, can be shown as curves or straight 
lines on certain projections 

The positions of points upon the globe are by convention defined by reference 
to parallels of latitude and meridians of longitude, and it is for this reason that 
such lines must be represented on any sheet- of paper where we wish to draw a 
map, Such representations are termed projections, though several of them are 
not projections in the sense understood by a mathematician Either of the words 
graticule or network has been suggested m lieu of projection, but the term 
projection still holds its own m textbooks and atlases 

Certain qualities are looked ior m projections, but they cannot all be seen m 
the same projection, and those which show most fully the qualities best applicable 
to specific purposes are selected wdien maps are to be used for such purposes 
The qualities which constitute a good projection centre round the degree to which it 
can preserve the relative area, shape, and scale, compared with the globe Another 
quality sometimes desired is the preservation of bearing, in other w’ords, of 
direction. Also, a projection for general use should not be difficult to draw, 
nor should it involve elaborate and difficult mathematical calculations, though 
such drawbacks can sometimes be minimised by use of mathematical tables. 

2 LONGITUDE, LATITUDE, AND SCALE 

Before we can understand the practical methods underlying the construction 
of projections, it is necessary to grasp the meaning of longitude and latitude, 
and of Bea ] e as applied to the globe 

In the actual construction of projections, various methods are employed, the 
chief being (1) the so-called graphical method, which makes uBe of geometrical 
first piinciplcs (see page 141), (2) wbat is known as the trigonometrical method, 
use being made of trigonometrical formulae to find the length of parallels, and 
the radii to construct them when they arc circles (see page 138). Sometimes 
recourse to mathematical tables is necessary for some of the more difficult 
projections. As a rule, an elementary knowledge of the first principles of 
trigonometry will suffice for many of the commoner projections. Some students 
prefer graphical methods, w'bich give reasonably approximate lesults. 
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Examples are given of the construction of typical projections, but students 
desiring fuller treatment of the mathematics of map projections and detailed 
methods of construction, are referred to standard books on the subject, such as 
those mentioned on page 243 

Latitude — Latitude is the angular distance noith or south of the Equator 

Let the Fig 59 represent the plane of a section of the globe cut downwards 
(N. to S ) through its axis, NS Let C be the centre of the earth, and WE the 
plane of the Equator, and to aid graphic visualisation, imagine the earth to be a 
peifect sphere. The latitude of any place P on the surface of the globe is the 
angle made at C, the centre of the plane 
of the Equator, by this plane WE, and 
the line joining P to the centre of the 
earth 

Thus the aic PE represents the lati- 
tude of P (30° N ), f\W represents the 
latitude of Pj ( 45 ° N ), P S E represents 
the latitude of P 2 (70 ’ S ) 

To undci stand the figure, cut an 
orange downwards into two halves 
The inside plane (fruity side) is iepre- 
sented by the circle WNES, which is a 
plane and will he fiat on the table 

To find the length of any parallel of 
latitude of the globe Consider Fig 60 
WxEy and W 1 ^ 1 E 1 ?/ 1 represent the 
Equator and another parallel of latitude, and each is the boundary (a eircle) 
enclosing a plane surface. WC and W 1 C 1 are radii of these circles respectively 

The latitude of the parallel W^Eji/j is the angle W X CW (termed for con- 
venience cj>) 

Now WC = W X C (radu of same circle) and is represented by R, the radius of 
the globe 

But the angle EjWjC — the angla WjCW (because W 1 E l is parallel to WE) 
and thus the angle E 1 W 1 C = <j>. 

Therefore WjCj = It cos , but since W x Cj is the radius of the parallel W^E^j 
the length of the parallel WjXjE,^ is 2 ttK cos 

are 9 



Fi# 5<» To Ili u^trate 'lint Meaning of 
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Note . — The length of a degree of latitude is everywhere about 69 ml , though 
there are alight variations due to the fact that the earth ib not a perfect Bphere. 
Thus the degree of latitude is 68 7 ml at the equator, 69 4 near the poles 


Longitude — A meridian of longitude is a line passing entirely round the 
globe and through the poles, and is always what is known as a great circle. A 
great circle passes entirely round the globe, and its plane passes through the 
centre of the globe 

Longitude is measurement east or webt of a first or standard mendian, and is 




Fig 60 Latitude 

To find the length of any parallel of lalitndn 
of the globe 


Fig 61 The Mlaninu of Losoitupb 


measured in degrees and their fractional parts (minutes or seconds) A circle, 
or complete turn, represents 360 degrees, therefore there will be 180" west and 
180° east of the standard meridian The longitude of a place is measured along 
the parallel of latitude on which the place is situated 

In Fig Gl, BCD is a great circle, the Equator, MRQ is a small circle, a parallel 
of latitude other than the equator, NVST is a great circle formed of the two 
meridians of longitude NYS, NTS, NS is the earth’s axis 

If NMB is the first meridian (that of Greenwich), the longitude of any place 
P is measured by MP. This in degrees is equal to the angle x subtended by MP 
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at the centre of the circle MPQR This angle is equal to the angle between the 
planes NMB, UPS, that is the angle between the tangents at N to the arcs NM, 
NP. Hence, the longitude of a place is equal to the angle at the pole between the 
first meridian and the meridian of the place . 

At the Equator the length of a degree of longitude is ^ of the equatorial 
circumference of the globe, or, m other words, ^ of the Equator, and is approxi- 
mately 69 ml. At the poles, where all meridians meet, the length of a degree of 
longitude will be zero Anywhere else, that is, off the Equator and poles, the 
length of a degree of longitude is expressed by the trigonometrical formula Cos 6 
times the length of a degiee at the equator, <j> representing the latitude of the 
place, the formula thus being 69 cos <f ml approx 

The approximate length of a degree of longitude m miles for every 10° of 
latitude is as follows — 


O' (« quilt or) 2 ml I 50° lat 44 6 ml 

10° lut IM 1 „ I 60° 34 7 „ 

1*0° 05 0 „ | 70° 2‘i 7 „ 

30° BOO „ H0° 12 5 „ 

40° 53 1 „ | 90° 0 „ 


Scale —In the construction of piojections, as with all maps, it is necessary 
to consider scale In Chapter II the subject of map scales is treated m some detail, 
but foi piojections we must consider a few special applications 

Assume the earth to be a sphere with radius 8,960 ml , or approximately 
250,000,000 in Globes with a ladius of 1 in and 10 in respectively would be 
on a scale of 1 250 million and 1 25 million resjjectively. Scale has the 
significance of a ratio, and to say that a globe is on a scale of 1 ‘ 250 million is 
to imply that in the model globe every length is theoretically one-two-hnndred- 
and-hfty millionth part of the original On such a small scale it is impossible to 
show anything but the most general measurements of the globe 

On a s< ale of 1 125,000,000, K, the radius of the globe, -- 2 in 

„ 1 . 100,000,000 „ „ — 2 5 m 

„ 1 . 10,000,000 „ „ = 25 in 

If this is understood, there will be no difficulty in working out scales for any 
projection, given the radius (R) of the sphere. 
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MAP PROJECTIONS GENERAL CLASSIFICATION, ZENITHALS, 
CONICALS 

1. INTRODUCTORY 

Projections are usually classed broadly as (1) zenithal, (2) conical, (3) cylin- 
drical, these terms being derived from methods of construction Broadly, 
zenithals are useful for the polar regions, 1 cylindrical are more suitable for 
equatorial regions than for higher latitudes, for which comeals aie better In 
addition, there are rather loose generalised classifications known as (4) modified 
conical projections, and (5) conventional projections The uses of some of the 
better-known will be discussed later 

From the geographer’s pomt of view, the term projection la not necessarily 
used m the strict/ mathematical sense It is uBed rather to indicate some method 
of showing on a plane surface, that is, on a sheet of paper, the parallels and 
meridians as nearly as possible as they would appear on a globe 

2. ZENITHAL PROJECTIONS 

Sometimes we are told to imagine a globe, saj', of glass, on which the parallels 
and meridians are represented by black lines, and to imagine at the centre of the 
globe a small electric light bulb, whose rays could be focused on some particular 
pomt of the globe We are to suppose it is possible by means of the light to 
photograph on a sheet of sensitised paper the parallels and meridians The lines 
on such a photograph, we are told, would constitute what is known as a 
projection,® 

x Some authorities emphasise the usefulness of the Oblique and Equatorial Zenithals 
(page 133) for continents and largo countries In Dierko’s Schulaila*, for instance, they are thus 
largely used For particulars of their construction, reference should be made to Study of Map 
Projection* by J A Steers 

* This is only given as an illustration and is not a practical method Any attempt to project 
the meridians and parallels os shadows on to a oyhnder or cone would not give cylindrical or corneal 
projections of any value. Nor could it actually be used for the zenithal projections 
132 
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Projections according to this plan made on a sheet of paper supposed 
to touch the globe at some selected pomt are called zenithal or azimuthal 
projections The paper touches the globe at the centre of the map. Azimuth 
means a true bearing, and bearings from the centre of such a projection, 
i e from where the plane touches the globe, are true 
Zemthals may be classed according to the position of the pomt where 


the paper touches the globe If the 
paper touches the globe (I) at either 
of the poles, it is termed a polar 
zenithal, if (2) at the equator, an 
equatorial zenithal, if (3) at. some 
point between pole and equator, it 
is known as oblique zenithal. 

Zenithal projections are also 
classed according to the position of 
the light which is supposed to reflect 
the shadow of the graticule on to the 
projection If the light is at the centre 
of the globe the projection is termed 
gnomomc or central (see Fig 62) if 
at the end of a diameter it, is known 
as the stereographic (see Fig. 63) if, 
however, the light is at infinity, the 
projection is termed orthographic 
(sec Fig. 64). In the last-named 
case the rays are reckoned as para I 



to one another, and are at right 


P 


angles to the plane surface, t e the Fjg 62 gnomon ic Pboji™ 

sheet of paper, touching the sphere. 

In Figs 62, 63, and 64, MNPQ is the sheet of paper on which the graticule is 
projected. The sheet touches the sphere at T, and RTS is a tangent. Here the 
sheet touches the sphere at the Equator, giving the equatorial case If it touches 
the sphere at the pole, we have the polar case* In Fig 64 the eye of the observer 
is supposed to be an infinite distance from the earth and cannot be shown on the 
diagram Lines drawn from it, such as CjRj, C 2 R 2 , C a U 3 , are parallel. 

In the gnomomc, the scale along the parallels (circles) is too great- except near 
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the centre, and similar exaggeration of scale occurs on the meridians (straight lines), 
increasing with distance from the centre. This projection is not very useful for 
atlas or other maps, distance, area, and shape being very incorrectly represented. 
On it, however, what is a great circle on the globe is shown as a straight line. 

In the stereographic, the scale along the parallels (circles) and the meridians 
is too great, but m each case increases from the centre less than in the gnomonic 
^ Area in the stereographic is not true, 
but distortion is less than m the 
gnomonic The projection is useful 
f°r hemispheres on a small scale, 
^ ' and is not difficult to draw. In 

' n | older atlases it is seen for hemispheres 

and continents, but it is not much 
/ / \ used to-day. The orthographic is of 

f p _.-'v little use for atlas maps, but it is 

/ \ used by astronomers. 

f Construction of the Gnomonic Zeni- 

M case) Take a line as first 

\ . meridian (represented by 0 U m Fig 

\ / 65), and mark off on it distances to 

\. Jq iepresent (according to scale) the 

N distances between the parallels 

required on the graticule. Then, 

* s' S with a common centre (N) on the 

yS meridian, or on it produced, draw 

y/ concentric circles passing through 

p the marked points Such circles 

Fvg 63 Si F.KEooiiArmo Projection are the parallels Tlie meridians can 

easily be spaced with a protractor, 
angles ( e.g . oN6) at the centre of the graticule being laid off to correspond 
with the angular measurement between two meridians. (In Fig 65 these angles, 
e.g. 6, are 30°.) 

Spacing for the parallel (latitude) intervals, e.g Ik, cd, is obtained from a table 
giving the cotangents of the latitudes for which parallels are to be drawn (see p 135). 

This projection is of little use except for the polar regions, because distortion 
increases with distance from the pole. 


Fvg 63 SiBKEOGiurmo Projection 
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Some trigonometrical ratios for use with formulae for map projections are 
now given. 


1 am cos tan | cot coaec 1 

80" 0 9848 | 0 1736 6 0713 J 01763 10164 ! 

70’ ! 0 9397 0 3420 2 7476 I 0 .1040 1 0642 

00° | 0 8600 0 5000 1 73211 0 5774 1 1547 

50° 0 7060 , 0 0428 1 1918 1 0 8391 1 .1054 

40° | 0 6428 | 0 7660 0 8391 1 1918 1 5557 

30° , 0 5000 i 0 8060 0 5774 ' 1 7321 2 0000 

20° > 0 3420 I 0 9397 0 3040 2 7475 2 8238 

10° 0 1730 i 0 9848 0 1763 . 5 6713 5 7588 


5 7588 
2 9238 
2 0000 
I 5557 
1 3064 
1 1547 
1 0042 
1 0154 


3. CONICAL PROJECTIONS 

If a sheet of paper is rolled 
to form a cone which can be 
fitted on to a globe, this cone 
will serve as the bums oi a 
pi ejection The cone is best 
adjusted so that its apex lies on 
the produced axis of the globe. 
If tins is done, the cone touches 
the globe along a line of latitude 
known as the standard parallel 

The piinciple of Con tool pro- 
jection ml hone standard parallel 
is shown in Fig 66 Here the 
plane of pi ejection is the surface 
of a cone BCD fitt ed on the globe 
and torn king the surface along 
the parallel TT,T a , which is the 
parallel of 50° N. The radius 
CT of the standard parallel is 
given by the formula K, cot </> 



P 

Fig 04 Okthoobapiiic 1 Projection* 


(see table above), where is 

the latitude of the standard parallel, here 50°, and K is the radius of the globe. 

TTjTaT., represents a plane section of the globe bounded by the parallel of 
50° N. The diameter of this plane surface is TT 2 



136 


Map Projections General Classification, Zemthals, Comcals 


Similarly EE^Eg represents the plane surface of the Bection bounded by the 
Equator and the equatorial diameter is EE 2 CM CM X CM 2 etc are meridians 
on the cone Dotted curves represent portions of the globe covered by the cone 
If BMMjMjjD is taken to represent EE^EjEg then CB — North Pole to E 
and CD = North Pole to E 2 

If the cone is spread out it will represent the map shown in Fig 71 from which 

construction of meridians is 
tasy to follow 

Ihe cone cannot be tan 
gent to the sphere along both 
of two parallels Howtver 
two standard \ arallels can be 
made correct to scale m a 
come projc f ion The com 
howivir in this case must 
be regarhd as quite md< 
pendti t ( f the h k 1 c and m 
no wav tombing or cutting 
it Iftl tione cuts tic sphere 
along two parallels the pro 
jcction is trm » emt come 
A secant is a taught line 
cutting the cucumferenee 
of a urcle at two points 
and in Fig 67 is shown 
bv line PR oi PS pirt of 
which is dotted between 
parallels 50 N 10° N 
tig 67 illustrates tli secant cojuc which is not a good pi a tic d projection 
The cone PRMS is supposed to be sunk into the spin re m such a way that 
it cuts the surf ice of the sphere along two parallels here those of 50° N and 
30° N PM PM X PMo etc arc meridians EEjEjt 3 represents the plane 
surface of the section bounded by the equator and the equatorial diameter 
is EL* This projection must not be confused with the Simple Corneal 
projection with two standard parallels which is developed in quite a different 
way (see page 142) 


180' Longitude ( EandW ) 



Fjg (1 \ 7rimmi 1 b jfcti n (the In monic) 

1 lar case f r Nortl 1 olar reg ods 
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One parallel in the Simple Conical projection with one standard para llel is true to 
soale and m the Conical projection with two standard parallels two standard 
parallels are true to scale Though the standard parallels are true to scale other 
parallels m the projection are not They arc proportionally greater than the 
corresponding parallels in the actual sphere the deviation from true scale being 
greater for increase of distance from th standard parallel That is if the standard 
parallel is 50° N there will be great r error along the pirallel of 80 N than 


C 



along that of GO 0 N and greater along o N than 40° N Bj saying that the 
standard parallels are true to seal we mean that if a map is drawn on a scale 
of 1 6 million the length of the parallel on the projection will be one five 

millionth part of the corresponding parallel on the actual globe The other 
parallels which are not true to scale do not show such proportion On parallels 
external to two standard parallels scale is too great on parallels between them 
it is too small (See Figs G8 69 ) 
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In conical projections with one standard parallel or with two standard parallels, 
the meridians are all true to scale and are correctly spaced The angles which the 
meridians make with each other at the apex of the cone are a certain fraction of 
the angles made at the poles by the meridians on the actual sphere. Tins fraction, 
which is known as the constant of the cone, is usually conventionally represented by 
a symbol, say, n. This is useful in reckoning the meridian limits of a conic graticule 
In conical projections the meridians are represented by straight lines which 

P 



converge to a point This point is the vertex of the cone, and concentric circles 
described about it represent the parallels The pole is represented by an arc, 
which shows that such projections do not truly represent the surface of the globe. 

The conic is treated moie fully than other projections in order to illustrate 
various methods and properties connected with projections. 

To construct the Simple Conical projection with, one standard parallel (trigono- 
metrical method) It is first necessary to know the relation of the radius of the 
globe to the radius of the standard parallel and its length. 
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Consider Fig 70 TP is the radius of the standard parallel on the projection. 
If R is the radius of the sphere and </> represents the latitude 1 of the standard 


parallel, then TP = R cot <f>, be- 
cause angle TPC = angle TCE. 

The radius of the parallel of 
latitude 4> on the globe is QT, 
which is equal to R cos </*, because 
angle QTC— TCE Thus the length 
on the projection of the parallel 
whose radius is QT is 2 n Rcos </> 
We will now proceed to con- 
struct a Simple Conical projection 
with one standard parallel, 40°. 
Use scale of 1 : 50 million 
(K= 5 in) 



Fig 68 Part of Sphkbe 
Representation on globe of part of paialk Is xyz, mnq, and 
part of meridian xm, yn, a q Compare with Fig 6ft, 
which shows corresponding comuul projection 


With ladius K cot </* = 5 96 m , and centre C, describe a circle (e g MPQ), on 
which mark off arc MQ =■ 2 tzR cos </>, % e. 24 00 in , to represent the standard 



parallel (Fig. 71 ). If the meridians are to be 10° apart, divide the arc into 36 parts 

1 latitude is an angular measurement, see p 129 
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Fig 71 (Simple Cosh ax Projection with O: 
In practice only a limited part of this jrratic 


Conical Projections 


HI 

(a circle representing turning through 360°), and then join each point of division 
to the centre of the circle, the point which represents the apex of the 
cone. 

To obtain, 10° apart, parallels other 
than the standard parallel, mark off on 
the central meridian divisions repre- 
sented by 27 tjB divided by 36, i.e 0 87 in , 
and, with same centre as for standard 
parallel, describe arcs to £ass through 
these points of division 

For the propel ties of this projection 
seepage 137 It is suited to relatively 
small countries with little extent of 
latitude, c g Denmark, Ireland, Poland 
For areas with wider extent of latitude, 
e g Russia, Scandinavia, the conic 
with two standard parallels is prefer- 
able This is also sometimes used for 
Europe 

To construct the Simple Conical projec- 
tion with one standard paiaUel (graphical 
method). Describe the circle WSE to represent the globe on the required scale 
(See Fig 72 a ) 

Make the angle TCE to represent the latitude of the 
standard parallel 

Draw WCE to represent the Equator and NS to 
repiesent the polar axis, which produce 

Where TQ, the radius of the standard parallel cuts 
the cuele at T, draw the tangent TP 

On the projection take any line, PC, £ the central 
meridian. (See Fig 72 b ) 

With radius PT, as inFig 72a, draw the standard 
parallel MN 

For every degree of latitude (1°) the parallels are 
units of length apart If spacing of 10° is required, mark off on the central meridian 
^ units of length above and below where the mendian and parallel intersect. 


P 



Fig 72 b Simple Conic 
Compare with method of 
Fig 71 



Fig 7 la Graphical Consiructiov of 
Simple Como (OneSF ) 
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To divide the standard parallel at intervals of 10°, make the angle ZCW 
equal to 10° (Fig 72a). With radius WZ and centre C describe an arc (really a 
semicircle) From where the arc cuts TC draw xy perpendicular to NC (polar 
axis) and parallel to WE (Equator) 

On the projection (Fig. 72 b) mark off on the standard parallel divisions equal 
to xy. Draw the remaining meridians by joining these points to P 

On the central meridian mark off distances equal to WZ From each of 
these points to P is the radius of the other parallels 

To construct a simple Conical projection wUh lioo standard parallels Two 
concentric circles must be drawn to represent these parallels, and their length 
must be correct The distance between them must 
be equal to the true curved distance between the 
selected parallels on the sphere 

Draw (Fig 73) anv straight line AB, and mark 
off on it BC equal to the true curved distant e (such 
as ny or qz on Fig 68) between the selected parallels 
on the sphere From B and C draw BM, ON, per- 
pendicular to AB and equal to given lengths (say 
mq, xz in Fig 68) of the selected parallels on the 
sphere Join MN and produce to meet AB at A 
Then AC, AB, are radii of the standard parallels on 
the projection 

Fig 69 shows the graticule The standard par- 
allels mnq,xyz are drawn from a common centre with 
the radii found above Take a central meridian 
through y and n Space that part of it between the standard parallels so as to give 
the required latitude intervals, which also mark off above and below the standard 
parallels Such divisions give the radii of the other parallels, which are drawn 
from the common centre The parallels are divided correctly by the formula 
'- ^i ~ f' or every degree, and the meridians are inserted like those of the 
Simple Conic vith one standard parallel. 




CHAPTER XIII 


MAP PROJECTIONS CYLINDRICALS, CONVENTIONAL PROJECTIONS; 
CHOICE OF PROJECTIONS 

1. CYLINDRICAL PROJECTIONS 

A sheet of paper rolled m the form of a cylinder and placed around the globe 
gives what is termed a cylindrical projection The cylinder may touch the globe 
along any great circle, lines of latitude and longitude on the globe being projected 
on the cylinder 

If the area between two parallels of latitude on the projection is made to 
correspond with what it would be on the globe, the cylindrical equal area results. 

The graphical construction of this projection is simple. (See Fig 7 1 ) 

Given the scale of the globe, say 1 125 million, the radius R of the globe 

will be 2 m With this radius draw a circle and then WE will represent the 
Equator Suppose the parallels of latitude are to be 30" apart, make angles of 
30° subtending arcs Em, mp, pN, Em', rn'p p'S on the circumference 

Then through the points m, p, N, nt', p', S draw, parallel to the Equator, hues 
which are the parallels of latitude 
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The intervals between the parallels of latitude decrease from the Equator to 
the poles. They vary as the sines of the angles of latitude 

The Equator is drawn according to scale, and the meridians are spaced at 
equal distances along it 

Mercator’s Projection — A much used and well-known cylindrical projec- 
tion is that of Mercator, which dates as far back as 1569 The meridians are 
equidistant vertical straight lines correctly spaced in 0°. Parallels are horizontal 



straight lines They are not equidistant, but to preserve the correct ratio 
between degrees of latitude and -longitude, their distances apart are increased 
as the latitude increases The exact construction of Mercatoi’s projection 
involves much mathematics or recourse to tables prepared for the purpose, but 
the following will convey some idea, m an elementary way, of the general 
principle 


Mercator's Projection 
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Assuming the earth to be a perfect sphere, the radius of the (small) circle 
round the globe representing, say, latitude 45°, is equal to the radius of the 
(great) circle representing the equator, multiplied by cos 45° [i e multiplied by 

-Fig 75 (e)l The length of a degree of longitude at the equator is therefore 

V2 

V2, or 1 414 times that of a degree of longitude at latitude 45° In Mercator the 
length of a degree of longitude at latitude 45° is made equal to that of a degree 
at the equator, for the longitudinal lines are parallel lines Thus the length of a 
degree of longitude at latitude 45° ib increased \'2 times, and therefore the length of 
a degree of latitude here must also be increased V2, or 1 414 times, to preserve the 
eorrett ralio [Fig. 75 (a), (b), (c)] At latitude 60° the length of a degree of 
longitude is really only about half the length of a degree at the equator 
(cos 60°-- £)• on Mercator the length is the same, so that the scale of longitude 
along the parallel of 60° is double the scale on the Equator, and to preserve 
true proportions, the scale measured north and south must also be doubled 
(Fig. 75). Thus on Mercator the distance from latitude 60° to 61° is 
approximately twice as great as from latitude 0° to 1°, though on the globe 
these distances are equal Similarly, it can be shown that at longitude 80° the 
length of a degree is increased 5 76 times (approx ), and so on On this 
projection the shape of the land masses is approximately presei ved, but 
area m high latitudes is much exaggerated Alaska is shown nearly as large 
as the United States, though its area is only about onc-fifth that of 
the States 

2 MODIFIED CONICAL AND CONVENTIONAL PROJECTIONS 

In addition to the zenithal, conical, and cylindrical projections, there are a 
number of miscellaneous projections which are usually classed under the headings 
of modified conical and conventional projections Such headings, especially 
that of conventional projections, are rather vague, but they suggest that there 
are projections which do not readily fall into the three broad divisions of azimuthal, 
conical, and cylindrical. They mclude some of the most useful and most com- 
monly used. 

Of modified conical projections, Bonne’s and the Sanson-Flamsteed (some- 
times termed the sinusoidal) are well known A familiar conventional projection 
is the Mollweide. 
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3. BONNE'S MODIFIED CONICAL PROJECTION 

In Bonne’s projection the standard parallel is drawn from the data R cot <£, 
that is, radius of the globe multiplied by cotangent of the latitude The central 
meridian is a straight line divided as with the simple conic, i e to give 
intervals of 10°. The parallels other than the standard parallel are concentric 

circles drawn through these 
points of division, their centre 
being the same as for the stand- 
ard parallel Meridians other 
than the central meridian are 
obtained by (1) dividing each 
parallel according to the mter- 
\al required between each 
meridian, and then (2) bv con- 
necting conespondmg points 
on the parallels By “ corre- 
sponding ” points we mean 
those relating to the same meri- 
dians Thus meridians other 
than the central one will be 
carves. 

This projection is equal area 
The meridians other than the 
central one, being curves, are 
too long and do not cut the 
parallels at right angles Hence 
the projection is not ortho- 
morphic The parallels and the 



Fig 7fi Projection* 

(l)evulopmrnt ) 


distances between them are true to scale on the central meridian, but, for a 
wide extent of latitude, there is considerable distortion at the extremities, as, 
for instance, in the N W and N E of Asia 

This projection is largely used for atlas maps, both for continents and countries 
which are sufficiently compact to avoid distortion at the corners 

Method of constructing Bonne's projection on scale of I : 50 million (R = 5 in.). 
We will take a net with 10° as meridian and parallel interval, 80° K. as central 
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meridian, and 40° N a3 standard parallel, the longitude limits being 40° E and 
120° E , the latitude limits being 30° N and 70° N 

Radius of parallel 40° N = R cot 40° = 5 % in approx 

Latitude intervals (for 10°) on Central Meridian .= — 0 87 in, approx. 

Longitude intervals (for 10°) on standard parallel = ~ rr ' R ™ s 40 = 0 67 m approx. 

Longitude intervals for other paral- 

, i 2vR t'os lat - XT 

lels = , jf . viz for 30 N = 

0 76 m for 50° N. — 0 56 in lor 60° 

N — 0-44 in for 70° N = 0 30 in. 

J)iaw PC as central meridian (See 
Fig 76) 

With centre P and radius 5 96 in , 
describe the arc MQN to represent the 
standard parallel 40°. 

Fiorn Q downwards and upwards 
mark intervals of 0 87 m , i e Qa, Qb, 
be, cd 

With centie P and radius Pa, P b, 

Pc, Vd, draw arcs to represent the 
parallels 30° N , 50° N , 60° N , 70° N , 
respectively. 

Along these parallels, starting 
from the central meridian mark G 

to the left and to the right Fig 77 roi/v conic Projection 

intervals corresponding to the long- 
itude intervals noted above, viz 0 76 in for aa\ 0*67 in for Qr/, etc 

Join the corresponding points on each parallel, viz a', </', b', c', d' , and curves 
representing the meridians will result 

4. P0LYC0NIC PROJECTION 

Each parallel is a circle, drawn with its own centre and radius The radius 
for each parallel is R cot lat , as with the simple conic The central meridian is 
divided as in the simple conic, length of 1° of latitude on the central meridian 




148 Map Projections: Cyltndncals, Conventional Projections. Choice of Projections 


being The parallels are divided as m Bonne, i e. ,at ' for 1° of 

longitude, 

To Draw the Pohjcomc Projection. (Seale 1 50 million, R = 5".) 

Draw a straight lme, PC, to represent the central meridian (See Fig 77 ) 
Take any point, m, in it and for intervals of 10° latitude, mark off on this meridian 
in intervals, q, r, n, s, etc Take these points, m, n , etc., as guides for radii 
of the circles which will represent the parallels, i e. mT is required radius for 
parallel wT lt therefore T will be centTe for describing this parallel 

Centres of the arcs representing parallels are on the line PC, the arcs being 
drawn through m, n, q, r, s, respectively 

Thus GO 0 with radius R cot 60° =- 5 x 0 5774 m 
50° „ R cot 50° =--5 x 0 8391 in 

Divide these parallels for 10° of longitude 


2nli < ob 60 2»5 X 0 6428 


The One-in-a-nullion International map is drawn on a modified form of the poly- 
comc. Unlike the latter, m which meridians are curves, the International meridians 
are straight lines In the polycomo parallels are circles, but not concent ne 

Each sheet of the International is plotted separately on its own central meri- 
dian, a straight line The boundary north and south parallels are plotted with 
radii derived fiom tables, but they are not concentric The boundary parallels are 
like those of the ordinary polycomc divided truly according to scale Meridians 
are drawn by joining these points (See page 155 for combination of International 
sheets ) 


5 THE SANSON-FLAMSTEED PROJECTION 
To construct a Sanson-Flamsteed or sinusoidal projection for world maps 
draw a horizontal straight line WE to represent, on the given Beale, the Equator, 
which may be taken as the standard parallel Bisect it at 0 and draw, perpendi- 
cular to WE, straight lines ON, 08, which repiesent meridian length from the 
North Pole to the Equator and the South Pole to the Equator respectively 
The central meridian is NS, which is half the Equator. Divide NS into 18 
equal parts, each to represent 10° of latitude Through each point of division 
draw a horizontal straight line to represent the parallels 10°, 20°, 30°, 40°, §0°, 
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60°, 70°, 80° respectively These straight lines should, according to scale, 
correspond with lengths of the parallels on the globe, and should be bisected by 
the central meridian. For practical purposes the lengths of parallels on the 
globe may be ascertained from tables The length of any parallel on the globe 
is 2 ref? cos lat , where fi represents the radius of the globe. 

Connect the ends of the parallels by curves, which will be the boundary lines 
of the world graticule, and will represent the meridians 180° W and 180° E. 
To obtain, 10° apart, the meridians other than 0°, which is the central meridian, 
divide the Equator and all the other parallels into 36 equal parts, and by means 
of curves connect the corresponding points of division on the various parallels 



The Sanson- Flamsteed is an equal area projection Parts of meridians forming 
the noith and south sides of any quadrilateral on it aie true to scale, and the 
perpendicular distance between them is correct. Trapeziums with corresponding 
parallel sides and heights are equal Hence the area of any quadrilateral on the 
map is equal to the area of the corresponding quadrilateral on the globe Those 
quadrilaterals on the Equator and central meridian correspond in shape to their 
fellows on the globe, but the further west or east we move on any parallel other 
than the Equator, the more distorted the quadrilaterals become, the distortion of 
shape being very marked as the boundary of the map is reached. Hence the 
projection is not a favourite one for world maps. 
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It is suitable for a continent or country which does not extend (1) too far 
north and south of the Equator, (2) too far east and west. Hence, by selecting 
the central meridian so that it passes through the centre of the continents, a 
useful graticule may be obtained for Africa or South America. If used for 
maps of Australia or North America there would be great distortion, as these 
continents are considerable distance from the Equator and have too much east-to- 
west extension For similar reasons, the projection is not suitable for Asia, where 
there would be even greater distortion, and the east-to-west extension of Europe 
in relatively high latitudes rules out a sinusoidal graticule for that continent. 



Fig 79 Mollweide Equal Area Projection 

6. THE MOLLWEIDE PROJECTION 

To construct a Mollweide projection, first draw a circle equal in area to a 
hemisphere {ie of a solid hemisphere) on the given scale. (See Fig 79.) This 
is done by taking a radius v'2 times, i.e 1*414 times, that of the radius of a sphere 
Produce the equatorial diameter ab east and west to E and W until it is 
twice the diameter of the circle oN6S, i e half the Equator on the projection, 
since we drew only a hemisphere. Through c, the middle point of ab, diaw 
NS perpendicular to ab NS is the central meridian Complete the ellipse 
SWNE. which bounds the graticule on which the Equator is represented by WE. 
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Divide WE into 12 equal parts, each to represent 30° of longitude, and 
similarly divide each parallel. To represent meridians other than the oentral 
meridian draw elliptical carves from the points of division to the poles. The 
central meridian is the straight line which bisects the Equator at right angles. 

The most difficult task in connection with this projection is to secure correct 
distances between the parallels. The parallels are drawn with the help of tables 
which give the distanoe between any parallel and the Equator. Such distances 
are not readily calculated directly. These distances are marked along the central 



meridian, and through such points the parallels are drawn parallel to the Equator. 

The following tabic shows for the Mollweide projection the relative distances 
of certain parallels from the Equator These distances are m relation to the 
radius of the globe, namely, for 

10° parallel of latitude 0 194 times the radius of the globe 


20° 



0 386 , 




30° 



0 571 . 

„ 



40° 



0 751 „ 




60° 



. . 0 1)21 , 




eo 8 



1-077 „ 




70° 



1 219 „ 

, ,, „ 



80° 



1 330 „ 




00° 



1 414 
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Mollweide is an equal area projection, and is generally represented by an 
ellipse with the Equator as a major axis. The frontispiece of the second edition 
of Hulks’ Map Projections is a beautiful example of a transverse Mollweide with 
different major axis On such a map most of the British Empire can Be repre- 
sented with little distortion. 

In Professor C. B Fawcett’s Political Geography of the British Empire, 
the “ skew ” (oblique) Mollweide is successfully used for world maps 

The normal Mollweide, because of its equal area properties, is much 
used in atlases for distributional maps of the world. As a world map it 
is preferable to the Sinusoidal, because the distortion in higher latitudes is 
not so great See Fig. 80, which gives a comparison of the two projections, 
Mollweide being shown by the dotted boundary, Sanson -Flamsteed by the 
continuous one The Mollweide parallels are shown by straight, and Sanson- 
Flamsteed by dotted, lines, the equator (dotted) being common to both graticules 

7. CHOICE OF PROJECTIONS 

When we select a projection for any map, there are several tilings to bear in 
mind It is necessary to remember to what use the map is to be put, the position 
of the area to be mapped, and its extent, with respect to latitude and longitude 
Other things being equal, it is advisable to choose a projection reasonably easy 
to draw, and needing no abstruse mathematical calculation 

For distributional maps to show density of population or stock, distribution 
of cultivated crops or of natural vegetation, an equal aiea map is desirable, so 
that not only the actual distribution of the commodity can be noted, but also 
the relative size of the regions where it is found. Some projections show area 
fairly correctly to scale in certain latitudes, but distort it greatly m others 

For a world map, three well-known projections are the Cylindrical Equal 
Area, Mollweide, and Sanson-Flamsteed No one of these is very difficult to 
draw The first named is the easiest to draw, and for this reason would probably 
be selected for most purposes except for the fact that m high latitudes shape is 
much distorted, though the area is everywhere true to scale compared with the 
globe. There is little distortion between the tropics, so that it would be quite 
suitable for showing the distribution of products such as rice, rubber, or cane-sugar. 

If the distribution of the temperate cereals, such as wheat or maize, is to be 
shown, the Cylindrical Equal Area would be less suitable, because the shape is 
much distorted where these crops are found They are grown in large countries 
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like the United States and the Argentine, and the shape of these should be preserved, 
for ease in reading if for nothing else Hence Mollweide or Sanson-Flamsteed 
would be preferable, and the former would probably be the ultimate choice. 

For equal area of a single country or continent other projections are available 
Bonne’s being a favourite with atlas makers. It is least suitable for Asia, because 
this continent has too great extension through both longitude and latitude to 
avoid distortion in the north-west and north-east comers 

Maps for small areas such as the British Isles, the Baltic Lands, France, or 
the Balkan Peninsula, whether required for distributional purposes or to show 
ordinary physical features or political geography, would probably be on the 
Simple Come with two standard parallels This projection is easy to draw, and, 
if the standard parallels arc wisely chosen, is reasonably correct as regards scale, 
preserves shape better than Bonne, but is not equal area, a point not of great 
importance for small areas with not too great extent of latitude It is suitable 
for any extent of longitude, which, with ease in drawing, would render it popular 
for maps of, say, the transcontinental railwavs like the Canadian Pacific and the 
Trans-Siberian 

Foi maps of the Polar Regions or of the Tundras, one of the zemthals ib best, 
possibly the Zenithal Equidistant, which shows distances along the meridians 
and bearings (azimuths) from the Pole correctly 

The usefulness of the Oblique and Equatorial Zenithals for continents and 
large countiies may again be stressed 

Where direction is desirable, for navigation on the sea or in the air, or to show 
the direction of ocean currents and planetary winds, Mercator is suitable Dis- 
tortion of area m high latitudes does not affect the mam purpose for which the 
map would be used 

We have only mentioned some of the commonest projections There are 
others less well known which for certain purposes may be very suitable, but winch 
may be rather less easy to draw than those generally used by atlas makers. 
Several excellent but relatively little known projections are described in the books 
mentioned on page 243. 

Exercises on Map Projections are given on paqe 235 

Students should be able to recognise the various projections and to discuss 
their use for specific purposes. To do this some knowledge of the principles 
underlying their construction is necessary 
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8. GRIDS 

A grid is a combination of squares designed to facilitate reference to a map. 
It is not a graticule, though latitude and longitude may be shown independently 
of the grid Grids on Ordnance and other maps have comprised squares with 
letters m two parallel margins and figures in two others, so that the position of 
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a feature or place might be referred to as Al, 04, etc (Fig 81) The method 
was simple in principle, but sometimes not very convenient in practice, especially 
when there were many names in a square Its use was limited because the grid 
might refer only to a particular sheet of a particular edition of an Ordnance 
Survey map 

For the Fifth Edition of the one-mch Ordnance Survey map a special system was 
adopted, the gild having squares, the sides of which represent 5,000 yards These 
grid lmes were not drawn with reference to the sheet-lmes of the map, but their 
position was reckoned from the starting places respectively of 2° W and 49° N 

For the Sixth Edition of the onc-inch Ordnance Survey map and all current 
Ordnance Survey maps a National Grid has been adopted and there is a Full 
National Grid Reference applicable to precise references in atlases or gazetcers 
A point a little south-west of Land's End is adopted as the origin of the grid. 
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The position of any point is defined by the distances (as moasured on the map in 
metres) East and North of the origin These distances, or co-oidinates, are 
known as Eastings and Northings. The National Grid is a series of lines drawn 
parallel and at right angles to an approximate North-South line through the 
origin so as to form squares. These squares, when printed on a map, will 
represent sides 10 km , 1 km or 100 metres long according to the scale of the 
map. Directions for reading the National Gnd are given below each map 

9. COMBINATION OF SHEETS IN 1/M INTERNATIONAL MAP 

Fig. 82a shows that a sheet of the International 1/M map will fit any one of 
its four surrounding sheets, but if further sheets arc added, fit cannot be obtained 



in all directions Figs 826, 82c show two ways of distributing the misfit. Further 
combination is possible, e g. m Fig 826, other sheets could be added to 2 and 4, 
and to 3 and 5 in Fig 82c 

The International map differs from the ordinary polyconic in that the 
meridians are straight lines Each sheet is plotted separately, with its own 
central meridian, the bounding parallels being arcs of circles whose centres are 
on the central meridian produced 

Each sheet covers an area of 4 J of latitude and 6° of longitude, and though 
more than nine sheets do not fit well, it is possible to build up a map of large area 
without noticeable gaps. 



PART II 
CHAPTER XIV 

SURVEYING AS THE BASIS OF LARGE-SCALE MAPS 

1. THE FRAMEWORK OF TOPOGRAPHICAL MAPS 

The object of the topographical surveyor is to record the relative position 
of various features on the earth’s surface From the geographer’s standpoint, 
the results of a survey Bhould be suitable for compilation of maps, and they 
must be as accurate as possible consistent with the scale A traveller, for Lis 
own guidance, may make certain approximate observations as to the rela- 
tive position of prominent objects along his route Such observations, though 
approximate, are sufficient to enable him readily to retrace his steps to the 
abandoned site of a former camp or haltmg-place, but they may not be sufficiently 
accurate to serve as the basis for a map of previously unsurveyed country Route 
traverses of the earlier travellers who, in the nineteenth century contributed 
much to our knowledge of interior parts of Africa and Australia, necessarily 
formed the groundwork of the first attempts to map such countries, but later 
and more carefully-made surveys showed them to be mace urate in important 
details. This is not surprising, as the observations on which they were based 
were, often made under difficult conditions, and not always with reliable instru- 
ments As time goes on, scientific research requires more accurate maps. More 
precise instruments and methods enable more accurate maps to be made 

The type of surveying which gives the raw material of the large-scale official 
maps of various countries is known as Topographical Surveying, and such maps 
arc usually termed Topographical Maps. Topography (from the Greek topos, a 
place, and grapho, I draw or depict) consists in depicting the various features of 
a district The topographical surveyor, therefore, is concerned with methods 
which enable him to determine accurately and to summarise on a map the different 
features on the earth’s surface Such features may be either natural or artificial 
Natural features include physical features such as mountains, hills, plateaux, 
and plains, where differentiation of relief is necessary; rivers, lakes, marshes, 
deserts, forests, natural grasslands Artificial features are due to the agency of man 
166 
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and may concern (1) routes, such as railways, roads, primitive tracks, references 
to crossing-places in the form of bridges and fords, works such as embankments, 
cuttings, tunnels, to overcome natural obstacles in a route, (2) human 
settlement, namely the sites of towns, villages, hamlets, or isolated dwellings 

A good topographical map will show the general relief and all the major 
surface features which can be included withm the limitations of the map scale 
On a small-scale atlas map of Lincolnshire, the county, even if the map attempts 
to show relief, appears to be an almost featureless level plain, but on a good 
topographical map on a scale of 1 in to the mile, the chalk Wolds and the western 
limestone ridges appear, with many variations of escarpment, valley, and other 
incidental features 

Where much of the surface is nearly level, as in the Fenland, there is 
little danger of the general effect of the map being obscured by crowded details 
of relief In fact, the difficulty is to avoid omission of relatively low undulations 
and eminences, which, comprising more solid masses of gravel or other glacial 
deposits, formed the site of settlements when the surrounding fen was undramed- 
marsh The difficulty to some extent is overcome by adopting special contour 
intervals for such regions, but even then, features of some local significance may 
be omitted on the map. Again, a highland region of even moderate altitude 
may show considerable complexity of surface features which obscure a contoured 
map. Tins difficulty of overcrowding and obscuring relief features can be 
minimised by selecting a larger contour interval than the normal one 

Maps on a scale smaller than 1 250,000 (roughly 1 in = i ml ) are not 

designated “ topographical ” maps, and are compiled where possible by reduction 
and generalisation from topographical maps (scales I 250,000 and larger) 
Survey in the field is not as a rule carried out on scales smaller than 1 : 250,000 
MapB on scales smaller than 1/M (1 1,000,000) are often designated atlas maps 

The accuracy, and with it the usefulness, of topographical maps, vanes 
according to the methods employed and the conditions under which a survey was 
made Surveys range from (1) the more informal and often rapid work of 
explorers and pioneers to (2) the more systematic work of geographical, military, 
or government surveyors under official and scientific auspices The latter type 
of survey compnaes (1) elaborate surveys carried out deliberately, according to a 
carefully arranged plan, and often extending over a considerable period, (2) more 
rapid, but carefully executed, surveys performed in connection with a Boundary 
Commission, of when two countries are mutually stabilising a common boundary; 
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(3) surveys executed on active service, frequently in undeveloped countries 
previously under native rule, and thus lacking reliable topographical maps 
The accuracy and usefulness of a topographical map will depend upon the 
accuracy of its primary framework The primary framework should be split up 
into secondary and then detail inserted m the various component parts. By 
framework we here mean the fixing of points relative to one another, and not 
the graticule, which is the net on which they are plotted. If the framework 
of parts of the area be done separately aud the results pieced together, there is 
likelihood of error, which can be minimised when the framework is made as a 
whole Points which constitute the framework of a map’s features may be 
determined by (1) tnangulation , (2) traversing, (3) astronomical observations, 
and sometime^ by combination of certain of these methods Tnangulation is 
by far the most accurate and scientific method, but sometimes relief and natural 
features render it difficult, and then other methods are employed Land without 
hills is unfavourable to tnangulation, and the type of country for which traversing 
may be preferable is forested lowland where well-defined landmarks are lacking 
Astronomical observations give the least reliable data, but sometimes during 
expeditions are the only means possible 


2. PRINCIPLES UNDERLYING TRIANGULATION 

The principle underlying tnangulation depends on a fact which we learn from 
trigonometry, namely that if the angles and the length of one side of a triangle 
are known, the lengths of the remaining sides can be reckoned 1 Tnangulation 
consists in taking bearings of objects primarily from the ends of a carefully 
selected and measured base-line, and then building up a network of triangles, 
whence the name “ tnangulation ” The apex of each triangle is a fixed point 
on the earth's surface, and if no convenient object for observation exists, the 
point must be suitably marked Apices of these triangles are termed trigono- 
metrical stations If (1) at such stations honzontal angles have been observed 
to all other discernible stations around aud if (2) the horizontal distance between 
two such stations is measured, it is obvious that other lengths represented by the 
sides of triangles can be calculated. 

Official survey distinguishes various types of tnangulation according to the 
degree of accuracy attained 

1 Refer to page 160 on tW theodolite. 
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3. TYPES OF TRiANGULATION 

Topographical Triangulation — This is designed to give a framework 
accurate enough for a particular topographical map. Its object is rapid and 
cheap production of topographical maps frequently intended mainly to serve 
as a basis for plane-tabling detail on a relatively small scale, and nothing 
more accurate is desired than avoidance of error on that particular scale 
For larger scale maps, or for extended woik, such triangulation would not be 
sufficiently accurate 

Principal Triangulation — Various technical terms are applied to more 
ambitious methods of tuangulation. Principal (sometimes known as Geodetic ) 
triangulation vs very slow and elaborate, and necessarily expensive Sides of 
triangles formed on this method by the British Ordnance Survey are about 35 
ml long, but m other surveys lengths considerably below or above this figure 
have been adopted Jn this method the algebraic sum of the errors of all the 
angles of a principal triangle should not exceed one second 

Major and Minor Triangulation. — In Major triangulation an error 
of 5 seconds may be allowed, and in Minor triangulation the eiror allowed 
is 15 seconds 

Secondary and Tertiary Triangulation — Sometimes the sides of the 
principal triangles arc subdivided to form smaller triangles. The methods are 
known as (1) Secondary Triangulation, where sides vary from about 5 to 10 miles, 
and where an error of 5 seconds is allowed (2) Tertiary Triangulation, with sides 
from 1 mile to 5 miles, and enor up to 20 seconds In British Ordnance Maps 
the sides of Secondary and Tertiary triangles are about 5 miles, and rather more 
than 1 mile respectively 

The above details concerning the more elaborate methods of triangulation 
are of interest to students of geography, in so far as they show what care, time, 
and expense are devoted to surveys which produce large-scale official maps. 
There is no need at tins stage to trouble about the technique of such surveys. 
Those who intend to specialise m Cartography as part of an Honours Degree 
Course, and others who are interested m the subject may consult the books 
noted on page 242, especially the official Textbook of Topographical and 
Geographical Surveying 
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4. THE THEODOLITE 

It is well here to note certain details concerning the theodolite, which is 
largely used for the framework noted in the preceding paragraphs. 

The theodolite (see 
Fig. 83) essentially com- 
prises — 

(1) A horizontal circu- 
lar plate, H, furnished 
with two verniers, v, v, or 
with two micrometer 
microscopes 180° apart 
and graduated to read 
angles , a pointer V. 

(2) A vertical circle, 
V, with two verniers, m, 
m, or micrometer micro- 
scopes, and graduated to 
read from 0° to 90° m 
one quadrant, 90 D -0° in 
the next quadrant, etc 
Graduations of a theodo- 
lite depend on the size of 
the instrument, and may 
be much more elaborate 
than those noted above. 

(3) A telescope, T, 
which rotates about an 
axis passing vertically 
through the centre of the 
horizontal circle and cap- 
able of adjustment so that 
it can similarly rotate 

about an axis passing horizontally through the oentre of the vertical circle. 

Bearings for the telescope and the vertical circle ate earned on frames, /, /. 
Spirit levels, s, e, are mounted on the horizontal plate and on the vernier arm 
of the vertical circle. The horizontal plate carries a compass, 0, xp its centre 
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between the supports of the telescope, and there is a screw to lift the magnetic 
needle off its pivot when not in use 

The theodolite is firmly screwed to a base or tripod, in the centre of which 
there is a hook from which to suspend a plummet m order to indicate the exact 
position where the station peg is to be driven into the ground 

Sighting is done through a telescope, because the theodolite is designed for 
long distance work In the telescope is a diaphragm, finely etched with a vertical 
and horizontal line, kept in place by screws Accuracy is ensured by these lines, 
the intersection of which should coincide with the object The telescope is brought 
into focus by a nulled screw near the object glass There is a screw to adjust 
the axis of the telescope 

The character of parts noted above vanes m theodolites by different makers, 
and according to the price of the instrument. Familiarity with the instrument ■ 
can only come from actual use and demonstration by a competent surveyor. 
Reliable theodolites are costly, but smaller instruments embodying essential 
points which are sufficient to give a general idea of the principles involved may 
be obtained from various educational firms Such model instruments are not 
intended for actual survey, and are less accurate than those used by surveyors. 

The theodolite is used in triangulation (see Fig 84), and for the determina- 
tion of trigonometrical heights (see page 191) As regards function, it is a 
delicate combination of the prismatic compass and level, capable of very accurate 
readings There is considerable difference in the measurement of horizontal and 
vertical angles On the horizontal circle the difference in bearing between one 
point and another is measured, on the vertical circle the elevation of a point 
above the horizon is measured Particularly m the latter cusp it is necessary to 
eliminate errors due to both instrument and observer 

Reference to diagram 84a will illustrate the principle of triangulation 
Knowing base AB and angles a, b, it is possible to calculate BC , knowing BC by 
calculation and measuring angles c, d, it is possible to calculate CD and BD. 

The principle of the use of the theodolite m tnangulation can be seen if we 
imagine a triangle ABC representing an area in the district to be surveyed The 
theodolite is set up at C, the telescope pointed on A and the reading of the pointer 
on the horizontal circle is noted Still at C, it is next pointed on B and another 
reading taken The difference between the two readings represents the angle 
ACB. The theodolite is moved to B, and the angle CBA is ascertained Finally 
it is moved to’ A and the angle BAC is similarly determined. If the reading is 


H f>, o, 
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accurate, the sum of the three angles should be 180°, but if this is not the case, 
various adjustments are made. 

It ib necessary to measure one of the sides of the triangle, and given this side 
and two of the angles determined by the theodolite, it is possible by trigonometry 
to calculate the remaining two sides of the triangle 

Reference to detailed methods of survey by the theodolite are beyond the 
scope of this book For such methods students are referred to the official 
Textbook of Topographical and Geographical Surveying, and to Hinks. Maps and 
Survey 

Here we are merely concerned with the theodolite as a means of making 
observations necessary in that survey which is the basis of large-scale maps. 


0 
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We are concerned with the principles rather than the details of such survey 
It is impossible to give theoretical directions for the manipulation of a theo- 
dolite Familiarity with the instrument can only be attained by actual contact 
with a theodolite under the direction of a competent surveyor There are 
several adjustments of screws and levels which cannot be mastered except by 
personal contact with the instrument. It is frequently used by surveyors, who 
or® generally willing to give assistance to students for a reasonable fee 

Apart from refinements of adjustment, the following are some of the things 
to be noted in handling a theodolite 

It is centred over the station (A) (see Fig. 846), where the angle is to be 
measured, and is carefully levelled. Adjustment is made for the vernier (reading 
index) ox micrometer microscope. The instrument is turned until the telescope 
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is aimed at the first point (B) to be observed, It ia 
then focused The telescope is now turned to observe 
the second point (C), and finally, the third point (D). 

The first station should be the back station, and 
the second the forward station, that is, the station 
where you will next go with the theodolite Thus, 
the angle is always measured clockwise from the back 
station to the forward 

Errors are minimised by reading each angle twice, 
the telescope being turned round vei tically after the 
first reading If the vertical circle is fust on your 
left as you use the telescope, it will be on your right 
after the telescope is turned The loading is said to 
,L face-left *’ or “ face-right,” as the case may be, and is 
entered thus in the angle-book After centi ing, level- 
ling, and setting to magnetic north by means of the 
compass on the theodolite, the telescope is set so that 
the vertical circle is on vour left (face-left) The 
telescope is focused on each station Tn turn, and is 
swung from station to station m a direction from 
left to right Both verniers are read and the readings 
are entered in the angle-book as " face-left, swings 
light ’’ leadings 

The telescope is now swung ovei vertically and 
the stations are read from right to left Results are 
entered ‘ lac (‘-light, swing left 5 

In the angle-book, degrees are entered for one 
vernier only, minutes and seconds being sufficient for 
the other See page 159 for limits of eiror allowable. 

Specimen angle-book entries are given in the table 
on this page The student should also refer to Fig. 
846 The entries are similar to those advised by 
Professors Jameson and Ormsby m their Mathe- 
matical Geography 

The difference given in columns six and ten of the 
table is found by subtracting the first mean from the 
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second, and so forth. Tins difference 1 gives the angle, and the mean values for 
the angles under (a) face-left, swing right, and (6) face-right, swing left, gives 4 
final mean for the respective angles If there is much discrepancy between this 
and either of the “ differences,” something is wrong, and the readings had 
better be made again As a further check a reading is taken on station B. 


5. THE MAPPING OF AN ISLAND 

Map-making on a fairly large scale can be illustrated by describing the survey 
of an island not previously mapped First make a preliminary rough survey or 
reconnaissance Points would be selected (1) for base, from which to commence 
observation, also for check base, and (2) the trigonometrical stations, that is 
for the apices of triangles m what is known as tnangulation (See page 161 ) 
These stations are prominent features such as hill summits or prominent points 
on plateaux, cliffs, etc. They may be as much as 20 or 30 miles from the base 
and from subsequent observation points When the stations are thus far apart, 
beacons are set up on them to aid observation In the preljmmary observations 
a rough diagram is made to show the relative position of the stations. Tins 
done, the actual surveying is begun 

First we measure the base, which should not be less than a mile in length 
It is best measured by invar tapes along the ground, or, better still, suspended 
from trestles Corrections are made, such as (1) to counteract any variations 
due to temperature changes m the tape, or (2) to adjust any defects in alignment, 
etc. Such a base, say a mile long, should be measured within one-tenth of an 
inch, because errors m initial base measurement lead to considerable inaccuracy 
m the actual tnangulation 

When the base, I (see Fig 85), has been measured, at is extended by tnangu- 
iation. A theodolite is used and is centred over one end of the base Angles 
to the points chosen for base extension are measured, and the base extension is 
completed to points a and h. From a, angles to various points fixed by beacons 
are observed, and the same is done from b, the stations c, d being fixed The side 
be acts as a base for fixing e, be as a base for fixing /, and so forth, until the 
tnangulation is complete 

A second base, II, may then be measured to check the work by comparing its 
measured length with its length as computed by the tnangulation. 

1 Reason is apparent, for the ^observations are bearing* 
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Note — This triangulatnm gives the area of tho island and the position of prominent features 
Some method of determining the heights of relief features is necessary Before tho aetual survey it will 
be necessary to determine mean sea- lev el by taking the average of a series of observations showing 
tho moan between high and low water level for a considerable period at a given place Then the height 
above sea-level of ono point in the tnangulation can be definitely faxed by levelling or trinngulation 
By means of the vertical circle of the theodolite, the difference m height between the different 
trigonometrical stations is ascertained at the same time as the horizontal angles for tnangulation 
are read, and thus the heights of the various stations can be recorded 

To fix tho position of the island on tho globe, the latitude and longitude of ono point, say the 
end of the base, would be determined by astronomical observation Further astionomical obser- 
vation would give the true boaring 01 “azimuth” of the base, and would thus relate tho tri angula- 
tion to True North. 

By use of the plane-table (see page lG'J), detailed information can be inserted in relation to the 
trigonometrical stations, and thus the basis of a topographical map is built up, Where triangles 
are not shown on Fig 85, minor tnangulation and plane-tabling might be used 



CHAPTER XV 

PLANE-TABLING 


1. EQUIPMENT 

The following arc the essential parts of the equipment for plane-tabling. — 

(1) The plane-table and its tripod. 

(2) A measuring tape or ehain. 

(3) A box-compass, otherwise known as a trough-compass 

(4) An alidade or sigliting-iule, and a spirit level 

(5) Two or three sighting-rods about the size of a cricket stump for marking 

a - stations where the plane- 

m graduated. 

Fie Sfi ToronRAPHtB. s Plane Taui.e , . , , . 

h The plane-table (see 

Fig 86) is a portable table supported on a tripod- the top can be revolved or fixed 
m any desired position in a horizontal plane; hence the name. 

The table-top is essentially a drawing-board, varying in size from about 
15 in. by 10 in , or 15 m square, or 18 in by 12 in , to 18 m by 24 m , which is 
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a large size The top of a good table has a sunken brass run for tightening the 
paper There must be nothing projecting above the surface of the table, and 
drawing-pins, if used, should be fixed underneath, though there are other 
more desirable means of fixinu the naner. "Relow the table-ton is a nivot-nlate of 
brass let into the diawing- 
board and fashioned in 
such a way that it will 
take and hold the head 
of a bolt m the tripod 
block It is important 
that the metal fittings 
of board and tripod be other than iron or steel, which would affect and render 
the compass inaccurate. 

The tupod should not be more than about 4 ft high when in position. The 
legs are lunged to a wooden block, and usually have fly-nuts at the sides to 
facilitate tightening Telescopic legs are not favoured by many good plane-tablers 



Fig 87 Metal Teouc" ' 



Fig 88 Alidade with Tfcjjssoont 


because they cannot be relied upon for rigidit\ , a most important essential for 
securing at curacy On the tripod head, in the centre, is a thumb-screw designed 
to fit into a socket on the lower side of the drawing-board 

The box-compass (Fig. 87) is designed to enable the plane-tabler to draw on 
the paper a line parallel to the compass needle at rest The compass com- 
prises a magnetic needle about 5 m or 6 in long, and mounted on pivot in an 
oblong box with parallel sides and glass lid The best compasses have arcs at 
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each, end, graduated to show sufficient degrees of the circle to facilitate coaxing 
the compass to indicate north. 

The alidade (Fig, 88) is a strong, flat ruler, 12 in. to 18 in. long, and is usually 
made of box-wood or other hard wood At each end it has flap-sights which can 
be raised or lowered at will. One of the sights has a thin, vertical hair or wire 
down the centre, such wire bemg aligned on the object sighted The other sight 
has a narrow vertical slit down the centre. It is important that wire and slit 
be exactly m the centre of the ruler, or accurate sighting cannot be guaranteed. 
The edge of the alidade may be graduated like an ordinary ruler, or it may be 
marked with scales, such as 8 in. to 1 mile It is well if the alidade is fitted with 
a spirit level If this is not the case and if the drawing-board is not so fitted, a 
separate spirit level must be used. For very particular work, telescopic alidades 

procurable They comprise the usual ruler which, in place of the sight- vanes, 
carries a telescope with cross-wires on the object lens. In some telescopic alidades 
the telescope may be removed and the ruler used with sight-vanes. 


2. METHOD OF PREPARATION 

Before attempting practical work, see that the table and tupod are in good 
working order, and that all adjustments can be made easily, e g levelling and 
clampiug the table-top. Next carefully prepare the paper In more rough and 
ready work or for practice the drawing-paper may be fastened directly on 
the drawing-board This is not recommended for the best type of work, 
but if done, the paper should be folded over and pinned helm' the board. 

A better method is to use a thm, flat board made of some strong wood which 
will not warp readily, and corresponding with the area of the table On this 
thin board stretch some linen somewhat larger than the board and with sufficient 
edge to overlap the plane-table Before it is stretched on the board, the linen 
should be well soaked Place the board on the plane-table, hnen side uppermost, 
then turn over and paste the loose hnen edges on the underside of the table 
Damp and carefully paste a sheet of drawing-paper on the hnen, smoothe the 
paper to prevent creases and wrinkling, fold over the edges and pm securely on 
the under-side of the plane-table If the mounting has been properly done, the 
paper has a beautifully smooth surface, and the drawing can be readily made, 
igpeoialiy as regards accuracy of angles where rays intersect The result well 
repays the trouble taken in preparing the paper, though, for practice, students 
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may prefer the method entailing less preliminary preparation. However, it is 
well to try the more elaborate method in order to master the details 

the habit of setting up the table with reasonable quickness and 
without fumbling. If you have trouble with the apparatus, you may turn out 
less careful work The top must be level, and for this the spirit level is essential. 
At first see that the legs are screwed to the block sufficiently loosely to give them 
free play. Hold a leg in each hand and, as it were, throw the other leg outwards 
from the table, at the same time putting the two held legs on the ground Prac- 
tice with this method should result in a faiilv 'level table-top, and adjustment 
can be made with the aid of the spirit level. Be careful to screw up the fly-nuts 
of the legs securely If you are working on a slope, two legs of the tripod should 
be down the slope and the other up it Whether on the flat or on a slope, do not 
have the table too high If adjusted a moderate height, it is easier to Bight from 
it and to draw on it, and there is less likelihood of the table being blown over. 
Such an accident would necessitate re-orientation of the tablo, and the drawing 
would not be improved by coming in contact with wet or muddy ground 
Avoid knocking against the tripod legs or in any way shaking the table. 

It is obvious that the assumed position on the paper should be centred over 
the actual station on the ground To test that this is done approximately, a 
long fork with a pointed arm is sometimes used to fix on the station’s position 
on the board. Another fork fitted with a hook to carry a plumb-line is fixed 
below the table lieneath tlus point, and the plumb-bob should be immediately 
above the station on the ground In practice this is hardly possible unless the 
station is m the centre of the board, because the turning to orient the board 
after it has been centred and levelled, throws out the centering somewhat Such 
error is small if the centering has been reasonably correct 

3. PROCEDURE fN THE FIELD FOR SKETCH MAP DEPENDING ENTIRELY ON 
PLANE-TABLING 

Having prepared the drawing-board and paper, and being sure that the 
apparatus is m good order and that you can set it .up properly, select a base, or 
a position for making a start. A good base may be central as regards the area 
to be mapped, should be on reasonably level ground, should give a clear view of 
the country from each end, and each end should afford a sight of a few prominent 
landmarks From half a mile to one mile may usually be regarded as a 
suitable length. 
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If the base is not central, some of the stations observed and fixed may be too 
far away to ensure accuracy, and certain rays will come out awkwardly when 
intersecting others. On level ground, measurement of the base can be made 
more TeadiJy and more accurately, and such measurement must be as accurate 
as possible with a view to proper determination of scale. As the map is made 
from the base, it is obvious that it cannot lie properly made if the country and its 
chief landmarks are not readily visible. The great point about extension from a 
base is selection of stations and Bhape of extension triangles These should be 
as nearly equilateral as possible It is not always essential that the base should 
be ‘Central For ordinary mapping half a mile would not be an unduly long base 
A very accurate extension can be made from a one-mile base, whereas it is not 
easy to measure a longer base, or to find level ground in hilly country for a longer 
base 

The base being selected, set up the plane-table at one end of the base, and 
use the spirit level to ensure that the table-top is in a horizontal plane The 
table is levelled by moving the legs of the tripod or by means of levelling screws, 
such sctcws being attached to the better-made tripods Place the alidade on 
the paper so that its edge coincides with the base-line, and turn the board so 
that the sighting-wire cuts the marking pole set up at the other end of the base 
Clamp the table, and make a small dot to represent the end of the base where the 
table is standing Put a small circle round the dot to assist legibility and mark 
it “ I ” to represent the first station on the base Some plane-tablers fix a pin 
vertically on. the dot, take the alidade and pivot its edge against the pm, next 
aligning the sights on the sighting-rod which indicates the other end of the base 
ThiB is done by placing the eye behind the slit and fixing the hair-wire to coincide 
with the rod The ruler is kept firm and a line is drawn along its edge This 
line represents the base-hue and should he marked “ Base/^ ^ 

The official TeotJbook of Topographical Surveying deprecates the use of pms 
It advises that when a ray is to be drawn from any point., the pencil should be 
held upright with its edge touching the point, and that, the alidade should then 
be pivoted against the pencil 

Next select the stations which you wish to fix, and, carefully keeping the table 
in position, pivot the ruler on end I of the base-lme, and draw a line in the 
direction of each object which you intend to fix on the paper. Such lines are 
known as rays. It is well to identify each station by name and to write this 
along the ray (Fig 89 ) 
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When all the required rays have been drawn, fix a sighting- rod in the ground 
to coincide as nearly as possible with representation of base-end I on the drawing- 
board. Move the plane-table to the other end of the base, measuring the distance 
between the two base-ends by chain or by pacing. At the second end of the base 
set up the table approximately, unclamp it, and on the line previously drawn to 
represent the base, bearing m mind 
the scale to be adopted, show posi- 
tion of baac-end II by means of a 
dot and small circle as before It is 
important that the base-line be 
drawn carefully to scale, because 
it is the foundation of the scale of 
the whole sketch Pivot the ruler 

on end II of the base-line, lay it 
along the base-lmc, and revolve 
the board gently so that the hair- 
wire coincides with the sighting- 
rod left at station I Clamp the 
table, which is now duly set or 
oriented. 

With the ruler pivoted against 
the pencil, draw rays fiom II 
to ivaids each of the stations to 
which rays were drawn from I 
(Fig 90 ) Put a small circle 
round each intersection of rays 
and write the name of the station 
near its circle If desired, 
simplicity can be secured by 
rubbing out the rays, leaving 
nothing on the paper except the intersection of the rays and the base-line 
Befoie leaving the base-end I, it is wpII to find North Lay the box-compass 
on the paper, say, on the top left-hand cornel, and slowly turn it round until 
the needle comes to rest with its north and south points exactly coinciding with 
similar points marked on the bottom of the box liule a bne along the edge of 
the box, indicating north bv an arrow-head This lmc is the magnetic north-south 
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line A similar line can be drawn parallel to it along the other edge of the 
compass, which can easily be fitted between these parallel lines when re-orientation 
of the table is- desired. After reaching the base-end II. the orientation of the 
table may be checked by laying the box-compass between the north-sonth lines 
and watching the behaviour of the needle. If there is any great deviation, error 

has probably been made in taking 
a sight of base-end I from base-end 
II, and, after unclamping the 
table, you can gently revolve it 
until the needle and the north- 
south line on the paper coin- 
cide 

The sketch can further be 
extended by going to one of the 
stations where rays intersect, and 
by setting the table on a base-end 
by means of back-iay reading, 
that is, by aligning the sights of 
the alidade along the ray until 
the hair-wire coincides with the 
sighting-rod at the base-end 
(Fig. 91 ) Setting can also be 
done here with the compass, or 
it can be used as an additional 
check. Setting being achieved to 
your satisfaction, next work from 
the intersection of rays repre- 
Fig. 90. Plane Tablinc Guaphic Teiavoulation sent mg your new position and 

Second Stage Set by ray (2) (1) proceed to draw rays to fresh 

station? A fourth station may 
similarly be selected, and rays drawn from it to intersect those drawn from 
plane table station III. If rays can be drawn from either of plane-table 
stations III or IV to the intersection of rays from stations I and II, the 
three rays may not intersect, but will form a triangle This is known as the 
triangle of error, and its centre can be taken to indicate the station m question 
if the triangle is small If it is large, some error probably has been made in 




Procedure in the Field 


173 


sighting for one of the rays or in setting up the plane-table at one of its stations. 
Such a method can sometimes be used as a check, and if any serious discrepancy 
results, the work can be gone tlirough again until the cause of the error is 
located. Such a contingency, however, should not occur if the work has been 
performed with reasonable care When all the necessary rays have been drawn, 
the frame- work of the sketch us 


completed. The base and the 
various observed stations are 
in position relative to one 
another and to the magnetic 
north-south line 

Now rub out all unnecessary 
lines, meiely retaining inter- 
sections of rays and the base- 
line, and clean up the paper as 
well as possible It is ready 
for insertion of topographical 
detail. Sketch in such features 
as streams, canals, woods, 
hedges, houses, churches, roads, 
railways If discretion be exer- 
cised m .selecting stations foi 
intersection of the rays, they 
will assist compilation of the 
sketch Good stations are ends 
of bridges, corners of woods or 
build mgs, church spires or 
towers, windmills or water- 
pumps, prominent trees,corners 
of fields. Sometimes, as in 



Fig 91 Plank Tabi.ivo GitArniu Tjuangulatiow 
Third Stage Set by ray (2) (3) 


very flat country with few landmarks, it may be desirable to set up sighting-poles 
vtotmark stations. In the preliminary location of stations, use should be ma&e 
of a good field-glass, and m bright sunshine tinted spectacles may help such 
location, as well as the drawing of rays. Before final choice of stations, a prelimin- 
ary reconnaissance with the field-glass from base-end I is preferable to haphazard 
taking of stations as you proceed. 
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The method just described is known as Graphic Plane-Table Triangulation, 
and consists in filling in the framework as well as the detail with the plane-table 
at one and the same time The basic idea is to fix a sufficient number of stations 
to give a framework or skeleton for the detail, and the principle is the same as 
for tnangulation with theodolite or prismatic compass Tnangulation by plane- 
table lacks the accuracy of careful tnangulation by theodolite, and there is much 
less mobility and speed than when a prismatic compass is used However, by 
means of the plane-table it is possible to secure a reasonably accurate sketch-map 
of a small area If there has been no previous tngonometrical tnangulation, 
and if the plane-table survey is the first to be made, it is obvious that one 
important essential of a topographical map is lacking, namelv, indication 
of relief. Therefore, to make the sketch complete, some method of contouring 
is necessary (See page 198 ) 

4 ANOTHER USE OF THE PLANE-TABLE 

Another use of the plane-table is to Jill in detail when certain iramewoik points, 
known as trigonometrical stations, have been fist'd by the theodolite 

In its essentials, the method is similar to that previously descubed The 
table and its accessories are similarly prepared and adjusted First take up 
position at one of the stations previously fixed by theodolite, and set up the 
table on the mark indicating the station Unclamp the table and lay the alidade 
on it to coincide roughly with a line joining the first with anv other known station, 
the hair-wire being nearer the more distant station. Unclamp the table and 
revolve it until the alidade is sighted on the distent station Now clamp the 
table, and, using the compass as directed for Graphic Tnangulation, fix the 
north-south line The north-south line is used for setting the table when moved 
to the second or any subsequent station These two stations fiist selected serve 
the same purpose as the ends of the base-line in Graphic Tnangulation, As m 
this method, prominent objects are selected as stations, and rays are drawn to 
them. Rays should not be drawn haphazard, and it may be found convenient 
to draw rays m succession clockwise from the station where the table is located 
Rays should be drawn to objects which can serve as landmarks when inserting 
detail after all the stations are fixed. Detail should not be inserted by guess- 
work or approximate estimation, but short rays should be drawn to indicate the 
relative direction of trees, buildings, etc 
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5. DETERMINING POSITION BY RESECTION 

By means of a method called resection, the principles underlying plane-tabling 
can be used to determine one’s position We set up the plane-table and align the 
sight-rule on certain selected distant objects Kays are drawn backwards fiom 
these objects to the observer, whose position is indicated by intersection of the rays. 

Select three objects in the country which you can identify on the map Set 
up the plane-table, orient it, and fix ‘the map on the table Draw' rays from 
objects m the country through their counterparts on the map and towards 
yourself If these rays 
intersect at a point, 
this is your position In 
practice it is possible that 
they will not intersect, 
but will foirn a triangle 
known as the “ triangle 
of erroi ” Tins error 
may be due to faulty 
setting of the plane-table 
or to defects in the 
compass. 

The thiee objects 
should he selected so that 
they and you will not be 
on the circumference of a 
circle It is advisable, 
if possible, to select ob- 
jects so that you are within a triangle formed by imaginary hues joining the objects. 

If you can select the objects so that you are inside such a triangle, you are 
inside the triangle of emu (Fig 92 ) If you cannot so select them, you are 
outside the triangle of error (Fig 93 ) 

Your position can be estimated approximately If ) ou are inside the triangle 
of error, the distance of such position perpendicularly from any ray is propor- 
tionate to its distance from the object from which the rav was drawn. If you 
are outside the triangle of error, vour position is either to the right or the left of 
all the rays as you look towards the three objects in the actual country. 
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To test -whether you are to the right or the left of the rays, slightly turn the * 
tahle-top, say, to the left, and draw new rays from the , three objects. If. the 
triangle of error resulting from the new rays is smaller than the first triangle of 
error, your position is on the left of the rays If the new triangle is larger than 
the first one, you are not on the left of the rays but on the right The rays make 
six sectors, but your position can only be m one or two, either 3 or 6, i.e. either 
to the right or left of the rays Having determined as directed above whether 
'you are to the left or the right of the rays, it will be at either x or y. (Fig. 94 ) 



Fig 93 TRiANOi.r op Error 
With observer's position outside the triangle (see also Fig 02) 


Lines, drawn from x or y ut right angles to the rays are m proportion to the distance 
from x or y to the objects from which the rays are drawn. 

To check the .solution of the triangle of error, i e. to check your estimated 
position, pivot the alidade against the estimated position on the map, and direct 
it on the ray from one of the objects. If the latter is off the sighting-wire of the 
alidade, unclamp the table and revolve it until tbe object is properly sighted. 
Then clamp the table and draw a fresh ray Complete the resection for the other 
two objects if the rays do not meet at a point, and you ought to have a much 
smaller triangle -of error. If the triangle is larger, there is something radically 
wrong with your solution, and the whole operation should be done again, care 
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being taken to see that the ruling points, i.e, the objects sighted, have been 
properly sighted and set down. 

Plane-table surveys are generally made between triangulation stations, 
which are points whose relative positions have been fixed by means of a theodolite. 
(See page 161 ) Such fixing is very accurate, and therefore tnangulation stations 
form a suitable framework for plane-table survey. The distance between them 
is not so great that serious error is likely when you are working from one such 
station to another, and is usually about a mile 

Tnangulation stations might be used as the ends of a base-line, and from them 
intersecting rays could be drawn to new stations as explained on page 171 This 
method, however, is not so con- 
venient or so speedy as to select a 
station, to set up the plane-table at 
it, and to fix its position on the 
map in relation to any three triangu- 
lation stations without taking the 
plane-table to these stations and 
then bringing it back 

Such fixing on the map of 
the position of a new station by 
making observations from it to 
known stations is an application 
of the method of resection 
explained above, and is adopted 
in plane-tabling when sufficient trigonometrical stations are available. 

6. DETERMINING POSITION BY ADJUSTMENT 

Fix a piece of tracing-paper to the drawing-board with drawing-pins. Select three 
objects in the country which are shown on the map Mark a dot on the paper to 
represent your position. From the dot draw rays directed on each obj ect, and write 
their names on the appropriate rays Unpm the traemg-paper and plaoe it on the 
map, revolving the paper until each ray passes through the object on the map corres- 
ponding to the real object from which such ray was drawn. Re- pin the paper on the 
map, prick through the point of intersection of the rays on the tracing-paper, and your 
position on the map will be where the pin -prick touches it. If the rays do not inter- 
sect, prick through the approximate point given by solution of the triangle of error. 
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TRAVERSING 

1 INTRODUCTORY 

The essentials of a traverse are a senes of connected straight lines making 
vanons angles the lines and their included angles being derived from measure 
mente with certain instruments Angles are determined bv taking bearings upon 
various objects with theodolite prismatic compass or plane table Lines result 
from measurement with a chain use of a c> clometer passometer or pedometer or by 
simple pacing A trai trse sketch can be com 
pleted in the field or the observations can 
be taken entered m a field book and the 
actual drawing done indoors 

For accurate map making triangulation is 
much superior to tm versing but the latter is 
useful (1) in flat and densely *foi*estf d country 
where the sighting of trigonomi tncal stations 
is difbcult and for similar reasons in towns 
(2) when speed mobility and portability of 
instruments is dcsirabk When the last 
named considi ration is important, the 
piisinatic compass is convenient 

2 THE PRISMATIC COMPASS 

The prismatic compass (see big 95) is a 
circular magnetic compass to which on one 
side there is fixed a prism P with a slit in it and on the otln r side a sighting vane 
a, containing a liair wire An imaginary plane from the prism slit to the hair wire 
passes through the pivot pm which is the central point C of the compass This 
makes for ease and accuracy in leading the bearings of objects sighted because 
the surveyor can read the beaung without taking his eye from either sights or 
object sighted This is bet a use the prism enables the eye to see the figure just 
beneath it on the card For this to be possible, & prismatic compass is graduated 
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the opposite way to an ordinary pnsmless magnetic compass That is, 180° 
is shown over the North end of the needle, and 360° over the South end. 

There are several types of prismatic compass, but the principle of using them 
is the same The compass should be held firmly between the thumb and fingers 
of the left hand, one finger being conveniently near the check-stop, which is 
used for bringing the card to rest. The compass should be held so that the card 
is in a horizontal plane and so that the prism faces you. Use the thumb and 
first finger of the right hand to steady the compass, grasping the nm for this 
purpose. The prism and sight-vane of course should be raised before the compass 
can be used. It is used by cloaing the left eye, and looking through the prism- 
slit. with the right eye, the hair-wire being aligned on the object whose bearing 
is desired. It is important to align the sight on the centre of the object, and to 
stand so that you are facing the latter squarely Should the card swing too much, 
make use of the check-stop, and when the card is at rest, note the figure which 
is in line with the hair-wire and the observed object This is the bearing required. 

The method of using the prismatic compass seems simple when thus described, 
but considerable practice is necessary before facility can be attained It is very 
important (1) to keep the compass card in a perfectly horizontal plane to prevent 
the edge of the card coming m contact with the glass hd and being unnaturally 
checked, (2) to stand squarely as directed so that accurate alignment of the 
sights can be made, (3) to keep the compass as steady as possible, so that the 
card may have natural play 

In a “ liquid ” prismatic compass the needle comes to rest more rapidly. 
The graduated aluminium ung which is attached to the magnetic needle is 
completely immersed m a non-freezable liquid in which it floats, and is thus kept 
very steady and free from troublesome oscillations The. ring comes quickly to 
rest, and a senes of bearings can be taken in much less time than with an ordinary 
prismatic compass If the compass is used on a stand, greater accuracy results. 

Reference is made to page 14, where bearing is explained 

The chief advantage of a pnsmatic compass is that it is portable, and con- 
siderably more so than the plane-table, which, however, is much more accurate 
than the compass A good prismatic compass is expensive, and certam errors 
are incidental to it, so that its accuracy may be impaired. It cannot be used m 
the vicinity of iron, as the needle is then affected and ceases to be a true guide 
to the North. Hence observations cannot be made near iron bridges, railway 
lines, railings, etc ; and rocks containing iron-ore may be a serious inconvenience. 
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3. TO MAKE A FIELD-BOOK TRAVERSE WITH A PRISM At^OM PASS 

The field-book is an ordinary notebook, with pages as longas possible 1 
compatible with reasonable ease m handling. Vertically down of each, 

page are ruled two parallel lines half to three quarters of an inch apttrt (8ee:’S , igs.,'9$ 
and 99). This column is known as the chain column, and its purpose is %>.. 
contain entries relative to the mam hne of the traverse. It serves to keep the 
entries clear of those in the offset columns on each side of it In the chain 
column are entered as they are ascertained (1) the number of the traverse 
station, (2) the forward bearing read from the prismatic compass, (3) the distances 
measured or paced from station to station. Entries are 
begun at the bottom of the last page and work 
upwards on the page, this procedure being repeated when 
a fresh page is started This ensures that the chain 
column always points in the direction in which you are 
moving when making the traverse. 

Having selected the station from which to begin, 
make in the chain column a dot with a small circle 
round it as you would do at the end of the base-line m 
plane-tabling This symbol will indicate your traverse 
station. Write the Roman numeral “I” near it, indicat- 
ing and numbering subsequent traverse stations to 
correspond Suppose you are traversing a road or 
route, with the prismatic compasR take a forward 
bearing to where the first change of direction 
occurs, write the number of degrees, with the 
appropriate degree symbol, above the station mark in the chain column. 

Before you leave this station, look on either side of the route for conspicuous 
objects within a range of, say, half a mile or more. Take the bearing of such 
objects, drawing m their approximate direction a line from that border-line of 
the chain column which is nearer the objects. Write along these offset lines the 
bearing of the object concerned and a name for subsequent identification. A 
second bearing on these objects must be taken from another point along the 
traverse. One bearing on an object would give direction only. If only one 
bearing were used, it would be necessary to measure a chain distance along the 
first bearing m order to fix the position of the object. 



Fig 96 Passometer 
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Proceed along the traverse direction, pacing or measuring as you go, and look 
carefully onj&abh side of the traverse for other offset objects suitable for bearings. 
See Fig. 9o for Passometer, which registers paces, and Fig 97 for Pedometer, 
which registera miles or fractions of a mile (t.e. 80 ydB.) traversed. When you 
see a mutable object, halt and enter m the chain column the distance from the 
last Station Take the bearing of the offset object now noted, make entries of 
bearing and name as before, and again proceed When the next change of 
direction occurs and a new' forward bearing is necessary, draw a line across the 
chain column, and above this line indicate and number a new traverse 
station. Below the line should be entered the distance from the last station 
and not from the last intermediate stopping place, 
The procedure is the same until the last station 
has been reached. The method is easily understood. 
It may be helpful, as a preliminary exercise in order 
to gam familiarity with the field-book, to make entries 
of an imaginary traverse, the details of which can be 
pictured mentally Better still, if you know anyone 
who can traverse, persuade him to go out with you 
and make a short traverse Watch him carefully and 
try to apply our hints to his methods Before actually 
attempting a traverse, it may be helpful to obtain 
preliminary practice in using a prismatic compass. 
Bearings (forward) can be practised almost anywhere 
and sometimes a check can be made by means of back 
bearings A geographical student should attain reason- 
able facility m using instruments for the simpler types 
of surveying, but he is not expected to do practical work with the skill and 
precision of a trained surveyor However, for the various examinations 
where inspection of the original note-books is demanded, there is necessity 
for (1) reasonable accuracy; (2) neat work, (3) acquaintance with the usual 
technical methods employed in survey work This particularly applies to such 
work as field-book entries for traversing and their subsequent plotting into 
diagram form. The plotting is done indoors, and if this final work can be 
undertaken as soon as possible after the field observations, details of the 
actual country will be remembered more readily and the plotting will thus 
be easier. 



Fig 97 Pedometer 
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For plotting the bearings, which result from angles, a protractor is required, 
- and paper with parallel lines to serve as Magnetic North-South lines for plotting 
the bearings. They are termed zero-lines. Drawing paper can be prepared with 
such lines lightly pencilled and they are generally most convenient when they 
coincide with the direction of the longer side of the paper. It is well to place an 
arrow-head at the end of \ ^ 

one of these lines to Magnetic ' f True \ 2 

represept Magnetic North Aorth j North gjo | | § | 

/ X© 

4. PLOTTING BEARINGS ( 

FROM A FIELD-BOOK \ 

To plot the first bearing n. X. 

(see Figs 100 and 101) X-y 

entered in the chain column Cottage 

of your field-book, make use ^ 

of the protractor with refer- 52 0 \(5) X, 

ence to one of the zero-lines. Church*-- ^50 n. 

Lay the protractor on the \ Vj£» \ 

paper for the ungraduated \ \Iso 

side to comcide with or to \ \ ,ao 

be parallel to one of the \ v 

zero-lines, and if the bearing joX\ 

is between 0° and 180°, hav e 

the graduated side to the ** ond ^ \ 

right of the zero-line. If , ( 2 -^l 40 '\Cottage \ 

the beanng is between 180° \'x to 

and 360° see that the gradu- (l) '> 

ated side of the protractor Fig. loo Plotting of Field-Book Entry. 

is on the left of the zero-line Plottcd ^orse of a road. 


240 Cottage 


Fig. 100 Plotting of Field-Book Entry. 
Plotted traverse of a road. 


Mark with a dot on the paper the central part of the ungraduated protractor edge 
(shown by an arrow on the service protractor, and by the end of the 90° perpen- 
dicular line on the semi-circular pattern). Mark with another dot on the paper 
the position on the graduated edge of the protractor of the number of degrees 
indioatmg the bearing to be plotted. Remove the protractor, and draw a straight 
line from one dot to the other, and this, with reference to the zero-line, is 
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tile bearing of the required object drawn from the point where it was observed. 
This point is represented on paper by the dot coinciding with the centre of the ' 
ungraduated edge of the protractor This bearing represents the first stretch 
of route before change of direction On it, according to the scale selected for 
the sketch, mark off the relative length between the firat two traverse 
Stations. 

' Offset bearings are plotted similarly, but care must be exercised to get, on 
the forward bearing from the first traverse station, the point from which the offset 


DI 



Fig 101 Example or a Closed Traverse Plotted 
Bearings were plotted as m Fig 100, but rays are not 
shown in the diagram. 


bearing was taken . This is only 
a matter of noting how far such 
pomt is from the first station 
and adjusting the scale accord- 
ingly 

The rest of the traverse is 
similarly plotted, and there 
should be little difficulty once 
the principle is understood . Con- 
siderable practice is necessary 
before facility can be expected 
It is useful to make a few field- 
book entries for a short imaginary 
traverse and to plot them In 
such exercises the knack of form- 
ing mental images is helpful 
For instance, try to visualise the 
making of a traverse represented 
by your imaginary field-book 
entries, and before you begin 


plotting try to visualise the sketch, or at any rate part of it, as it should appear 
on the paper. This method will give you some readiness of interpretation, and 
is somewhat comparable with the mental arrangement of the points of a mathe- 
matical problem before actually-working it out. 

Date all field-book entries, also traverses when plotted, and on the latter 
also give field-book date, with scale of the sketch. Such docketing will appeal 
to examiners desiring inspection of students’ actual note-booka. Examiners wish 
to nee original first-hand work 
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5. ADJUSTMENT OF ERROR IN TRAVERSING 

Traversing cannot be used to make an aocurate map of any large extent of 
country. There is always the possibility that distance lengths may be exag- 
gerated, and that bearings may be taken inaccurately, perhaps through no fault 
of the observer. The compass may be defective or may be influenced by iron in 
rocks near points of observation. Theodolite traversing is rather more accurate, 
and is sometimes used m formal survey work in forested country such as 
Nigeria, where triangulate on is hardly possible owing to the dense forests 
and the lack of suitable 
stations for observation. 

Traversing is also diffi- 
cult because paths must 
be cut through the forest, 
and the hot, wet climate 
soon producesfresh vege- 
tation on such dealings 

However, traversing 
has some uses, and when 
a traverse is made, it is 
desirable to check its 
accuracy. The most con- 
venient ways of doing 
this are — P 

(1) From different Pig J02 Adjustment op Tr-avkrsji Error 

halting-places in the line 

of traverse to take bearings on some prominent distant object, such as a church 
spire or tower or a mountain peak In the Fens, Boston Church tower (Boston 
“ Stump ”) is visible for many miles around, and bearings taken to it from 
“ halts ” should theoretically intersect when plotted. In practice they’^ould not 
be likely to intersect, as few traverses are sufficiently accurate for such inter- 
section to occur Hence this method is not very satisfactory. 

(2) By distribution of error. By referring to Fig 102 the student can learn 
how errors m traversing are adjusted by this method 

P is the starting-point (a known fixed point), and Q the finishing-point of the 
traverse as plotted from the field-book entries, but Q' is the actual known fixed 
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poult where the traverse finished Join Q to Q' and through the plotted stations 
d, c, b, a draw lines dd', cc', bb', a a' parallel to QQ'. Divide QQ' into as many 
parts as there are legs to the traverse (here five). On dd' mark off similar parts, 
but one less than on QQ'; on cc' mark off part less than on dd', and similarly for 
bb' , m' Join Q', d\ c\ b\ a', P by means of the dotted line, which is the adjusted 
traverse, with the error distributed proportionately. 

If the traverse is closed, it is possible to adjust angular errors. It is a 
well-known geometrical truth that in a closed figure the sum of the interior 

angles plus four right angles is 
equal to twice as many right 
angles as there are sides Hence 
from the sum of all the bear- 
ings we can take the sum of all 
the interior angles of the figure 
and distribute any difference 
equally among the beanngs 

6. CHAIN TRAVERSE. USE 
OF THE CHAIN 

In the survey of small 
properties, especially m de- 
tailed estate plans, a closed 
traverse is sometimes made by 
chain alone "What is termed 
a Gunter’s chain is generally 
used. It is 22 yards long, and 
is subdivided into a hundred links. Every tenth hnk is marked by a brass tag, 
and the tags are marked to show 10, 20, 30 links, etc., from the zero end of the 
chain L’ measurement of area, ten square chains are equivalent to an acre. 
Besides Cue chain a few simple articles are required, namely, some pointed pieces 
of iron called “ arrows,” generally ten, some rangmg-rodB tipped with iron 
to mark stations, and a graduated measuring rod or tape to ascertain the length 
of offsets. 

The essence of this type of survey is that the position of each feature must be 
determined by measuring its perpendicular distance from a straight Ime, which 
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itself should be the side of a triangle. These perpendicular distances are called 
“ offsets ” and should be as short as possible If they are short enough to be 
measured by a graduated offset rod, the result is more likely to be accurate than 
if the offsets are so long that a measuring tape is 
required 

In the survey of, say, a field, ABCDEF, the first 
thing is to make a rough sketch setting out suitable 
chain-lines, which indicate the sides of triangles, e g. 
ah, be , cd, etc , to be measured with the chain (See 
Fig 103 ) These chain lines should be as near the 
field boundary as possible, so as to obtain short offsets. 

One or two diagonal lines, e g ac, ae, etc , will be 
desirable to complete the triangles 

The chain lines are measured by a chamman 
(leader) and assistant The assistant holds one end 
of the chain at a point o which is marked by a ranging- 
rod The leader takes the other end of the chain and 
sets out aloug ab with ten arrows He is guided by 
signals (left or right of his direction) from the assistant 
until he is m a line with the rod at a Then he pulls 
the chain tight and puts an airow m the ground to 
mark the end of the chain The assistant now moves 
to the arrow, the leader cames his end of the chain forward and the process is 
repeated until b is reached Measurements are duly enteied m the field-book 
Before tlie chain is moved, offsets are measured from ab to suitable points along 
the field boundary. 

The field-book (see Fig 104) is similar 
to that used lor a compass traverse. Two 
parallel lines about an inch apart are 
ruled dowui the middle of the pagq for 
chain line entries, starting at the bottom 
of the page. A sketch of the boundaries 
is made on the light- or left-hand of 
the page according as thev are left or right of the chain line, and measurements 
of offsets are entered between the centre columns and the boundary. The 
circles and dots indicate stations 
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In sloping ground the horizontal distance is required. This is either read 
with a clinometer (see page 195) or measured by chammg-in steps. That is, one 
of the chainmen holds one end of the ohain (c) against a ranging-rod (r) at a 
height which makes the chain seem horizontal when the other end is held on the 
ground. (See Fig. 105.) 

7. THE PEDOGRAPH 

The Pedograph (Fig. 106) is an automatic road tracer which reduces the method 
of traversing to a mechanical process and enables a person without previous 
teaming to produce a map to scale of 
any route walked over. The instrument 
consists of a recording device contained 
m a flat metal box about 12 inches square, 
and is carried by a sling in front of the 
operator. Aoompass with glass top and 
bottom, is let into the lid of the box, 
and contains a pair of parallel magnetic 
needles, pivoted in such a manner as to 
remain very steady notwithstanding the 
jolting motion of a walk. 

The route walked over is mapped on 
paper by a toothed wheel, which is 
caused to revolve by a pendulum 
oscillating veitically, in much the same 
way as the well-known pedometer ham- 
mer, but much more surely The paper 
rests on a metal plate or plane-table and is gripped between the toothed wheel 
and a smooth wheel in the hd of the box. As the toothed wheel revolves it not 
only marks the paper, but also imparts a progressive action to it. In order to 
orient the paper correctly so that the distances recorded show the proper direc- 
tions with all the angles and curves according to nature, the paper is ruled with 
parallel meridian lines, and these are visible below the compass needles. 

As the operator walks along, he keeps the meridian lines on the paper parallel 
to the compass needles, by turning a knob which projects from the side of the box, 
and which slews the paper round. This adjustment is made with evefy change 
of direction shown by the compass needles, and the plan is thus .correctly 
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oriented as it progresses. The smooth wheel above the toothed wheel is supplied 
with ink from a saturated pad, which renders visible the tracing made by the 
toothed wheel. The operators position on map can be noted, and marked, 
and any necessary detail can lie entered in a note-book under a similar reference 
mark. The recording device can be adjusted to plot maps to different scales 
ranging from a ratio of 1/10,000 to 1/100,000. 

A route traced by the Pedogra ph compared with the same route on an Ordnance 
map, showed distances to be correct withm about 3 per cent, and directions 
within about 2 degrees of accuracy. It is interesting to note that a large area of 
China has been successfully mapped with this instrument. 

In hilly country all the curves of a route will be shown and reductions can 
lie made by observations with a clinometer, but the Pedograph is not suitable 
for use in a mountainous country. 1 

Note Professor F. Debenham's Map Making gives an interesting method 
(1) of plotting traverse results by co-ordmates and (2) of adjustment See Figs. 
28, 29 in that book, which also (Fig 34) gives example of booking an Aneroid 
Traverse 


1 For the abore description of the Pedograph wo are indebted to Messrs J. H Steward, Ltd 
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CONTOURS AND CONTOURING 

1. VERTICAL INTERVAL AND HORIZONTAL EQUIVALENT 

In Chapter IV. it was pointed out that contours form the basis of most methods 
of showing relief. In connection with contouring, explanation of certain terms 
is necessary The Vertical Interval (V.I.) is the difference between two successive 
contours. The Horizontal Equivalent (H E ) is the horizontal distance between 
two successive contours. The V.I on a map docs not vary except when abnor- 
mally low or abnormally high ground renders variation desirable. In the Fens, 
if the normal V.I of 100 ft were retained, many small relief features would 
escape notice, so here contours of 50 ft. and 25 ft are introduced In the Scottish 
Highlands, on high slopes, contours with 100 ft V I would coincide, so a V.I 
larger than 100 ft. is used in such cases, though 100 ft. V I may suffice part of 
the way up the slope 


2. THE SCALE OF SLOPES 

The scale of slopes must be considered in relation to the II E., which vanes 
according to the degree of Blope 

The base of a right-angled triangle with an angle of 1° opposite the perpen- 
dicular is 57-3 times the length of the perpendicular That is, for a slope of 1° 
the V.I. of 1 ft. corresponds to H E of 57-3 ft The H E is always measured in 
yards, so 57*3 ft. = 19 1 yd., but to simplify calculation a round number, 20, is 
taken for this H E. Taking D as the degree of slope, the above details can be 
expressed by formula giving approximate results for small angles, viz. 

H.E. = - ° - D - 

which is applicable to elopes up to 20° Hence, if two of the terms H.E., V.I., 
and D. be known, the third can be found by a simple arithmetical calculation. 
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A scale of slopes can be constructed to show the H E. foT any degree of slope 
in connection with a particular V.I Thus, if the V.I be 50 ft. — 

H E. =■ 20 * 50 = 1000 yd. for 1° of slope 


-= 333 


and so on. 

To make the scale, draw a line, and on it, bearing in mind the scale on which 
the map is drawn, mark off lengths of 1000, 500, 333 yd , etc , and label such 
divisions 1°, 2°, 3°, etc Scales of slopes should be drawn for, and used with, 
specific maps Except m veiy mountainous country, it will generally suffice to 
draw up the lengths of H E. for every |° from 1° to 15° First, by means of the 
formula, after noting the V I , reckon the necessary lengths for the H E. corre- 
sponding with, say, every 1° of slope from 1° onwards. Before constructing the 
scale, tabulate such lengths and work out their relation to the scale of the map. 
Always head the scale with the V I. for which it is to be used, and also note the 
scale of the map for winch it is intended. 


3, INSTRUMENTS USED IN THE DETERMINATION OF HEIGHTS 

In making a topographical map, it is necessary to determine a framework of 
heights to seivo as a basis for contouring Some heights will be determined 
during triangulation and traversing when these processes are used, but others 
will be required. They may be determined by the use of certain instruments, 
namely — 

(1) The spirit level. 

(2) The theodolite (Bee page 160), which by giving vertical angles, supplies 
data for the computation of heights of lofty peaks or other inconvenient points. 

(3) The clinometer, especially the Indian clinometer. It is useful for measure- 
ment over short distances. 

(4) The aneroid barometer. 

(5) The hypsometer or boiling point thermometer. 
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Authorities reckon that the relative accuracy of the various instruments is 
comparable with their order m the above list, but the Indian clinometer is many 
tames more accurate than the ordinary instrument. Reasonably good, but not 
precise, levelling is held to give only an error of 0*3 ft. in about a 100 ml. ray. 
Careful topographical tnangulation, using the theodolite, might result in an error 
of 20 ft. in 200 ml., there being much less error in the more elaborate methods of 



triangulation. A clinometer should not be used for a ray of more than 3 ml., 
and if carefully used will result in accuracy within a few feet. Under the most 
favourable conditions, an aneroid barometer used relatively to level or theodolite 
heights 1 should not give an error of more than 20 ft If used independently, the 
error may be as much aB 100 ft., and such an error is likely with the hypsometer, 
which would only be used during expeditions cr in newly-developed country 
when no other method was available. 


See page 191. 
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Tub Spirit Level. — The level {see Fig. 107) is essentially a telescope, T, 
mounted on a tripod, tr, and set at right angles to a vertical arts. By means 
of a pivot, P, it can he revolved m a horizontal plane, and is so designed that 
objects seen on the cross-wires of the telescope are on the same level as such 
wires There is a spirit level, l, fixed rigidly to the telescope and parallel to its 
line of sight, xy The level, by 
means of levelhng-serewB, s, s, is 
mounted on a plate on top of a 
rigid tripod. 

Sighting staves used with the 
level are from 10 to 15 ft long, 
they are graduated in feet, with 
subdivisions of tenths and hun- 
dredths of a foot Sometimes the 
levelling-staff has a small spirit 
level attached to ensure that the 
staff is held vertically 

' Using a Spirit Level The level 
is set up at L (see Fig 108a), with 
the tripod feet on a firm surface or 
well pushed into the ground, and by 
means of the levelling-screws it is 
adjusted so that the bubble of the 
spirit-level is in the centre of its run 
and is steady, no matter in what 
direction the telescope is pointed 

The staff is held vertically 
by an assistant, who rests its foot 
firmly on top of a mark, M, 
whose height above sea-level is known The observer directs the telescope 
on the staff and notices where the cross- wires of the telescope cut the latter. 
If it is 4-34 ft the line of sight of the telescope is 4-34 ft above the level 
of the mark. 

The staff is moved to N, as far behind the level as it was formerly in front of 
it. The telescope is turned so that it is directed on the staff m the latter’s new 
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position. Another reading is taken, say 14-75 ft. The bottom of the staff is 
now 14*75 ft below the line of sight of the telescope. That is, it is 14*75 — 4*34 
= 10-41 ft below the level of the mark on which the staff was first held. These 
readings are entered in the level-book, the first being known as a “ back-reading,” 
the second as a “ forward-reading ” The difference between them gives the 
difference in level between the stations where the staff was set up, and the height 
of the level itself above can be ignored The level can then be moved to L lt 
and the process repeated 

The reason why the level should be the same distance from the staff for back 
and forward readings is connected with the curvature of the earth (See Fig. 
10 8b ) The line of sight, xLy, of the telescope is perpendicular to the earth’s 
radius, PC, at the point, P, where the level is set up In the line of sight L is 
nearer the earth’s surface than either N or M, it is nearer by xn or ym But if 
N and M are equal distances from P, the excess xn and ym will be equal, and 
thus there will bo compensation of any error 

The distance frbm the level to the staff should not be so great that the curva- 
ture of the earth will be marked If possible, the distance should be under 
rather than over 200 yd The earth’s curvature brings in an enor of about 1 m. 
in 220 yd. Lines of level need not necessarily begin at a point the level of which 
is known. They should either begin or end at a point of known level, or they 
should end at the point where they began In the latter case the line of level 
would be closed, but some point m the lme of level should be known so that 
errors in levelling can be detected 

The Theodolite — For an explanation of the theodolite see Chapter XIV 
The vertical circle is used for measuring vertical angles, and the theodolite is the 
most accurate instrument for determining heights 

The Clinometer — The clinometer is an instrument designed to measure 
vertical angles. There are many types of clinometer, but the principle of each 
is essentially the same 

The slope of an object is represented by the number of degrees the object is 
out of the horizontal. That is, it is represented by the angle contained by (1) a 
straight line drawn from the observer's eye; and (2) a horizontal lme passing 
through the observer’s eye. Such angle is measured by the clinometer. It is 
easy to imagine a straight lme from the observer’s eye to the object, but much 
less easy to obtain a really horizontal line. 
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A horizontal line can be obtained by a spirit level, and some clinometers have 
such a level attached A horizontal line can also be obtamed by first getting a 
vertical line and taking a line at right angles to it as horizontal A vertical line 
can be obtained by means of a plumb-line, which i9 included with some types 
of clinometer. 

The Abney Level. A well-known type of clinometer is the Abney level. 
(See Fig 109 ) This is essentially a telescope, T, to which is firmly fixed 
a protractor, P, This is read by a vernier, v, carried on an arm, a, pivoted at 



the centre of the protractor A Bpirit level, l, is fixed rigidly so that it is at right 
angles to the ami, which carries a milled knob, enabling the level to be moved. 
The spirit level is parallel to the line of sight. Under the centre of the level there 
is a window, w, cut in the telescope, and inside the telescope is a small plane 
miiTor at an angle of 45° to the line of sight, xy, of the telescope. When the 
observer uses the instrument to find an angle of depression or elevation, he looks 
■ through the telescope at the object, which should appear on the cross-wire of the 
diaphragm. He then turns the knob carrying the spirit level until he sees the 
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babble of the level reflected in the mirror on the telescope cross-wire. The 
spirit level is horizontal and the required angle is read 

If the object is shown on a map, the observer’s position can be found by 
resection (p. 175), and the distance calculated by means of the map scale. 

The Indian Clinometer, 
The most accurate contour- 
ing can be done with the 
Indian clinometer. This is 
a brass base plate with a 
bubble and levelling-screw, 
and two folding leaves can 
be. made to stand up, one 
at each end of the base 
(See Figs 110 and 111 ) 
One leaf, I, has a small 
sight The other leaf, II, 
has a vertical sht graduated 
along one edge in a scale of 
degrees and along the other 
edge in a scale of what in 
trigonometry are called tan- 
gents of degrees. The zero 
of each scale is at Z, on a 
level with the sight-hole, S, 
of the leaf I. 

The graduation at r 
shows the value of the ratio 

- , which remains constant 
SZ’ 

whatever the distance from 
F*.no. Cld.om.ih S to the object sighted 

If we look at the distant object, x' (Fig 112), and read, say 0*2 at x, on the 
tangent scale, we know that the fall from the level of the clinometer at S is O 2 
of the horizontal distance Sz'. The horizontal distance, by means of the scale, 
can be measured from the plan or map. It is desirable that a scale be drawn 
carefully for every plan or map made. (See Chapter II., Scales.) 
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Similarly, in Fig 113 a reading of 02 at x would mean that the rise from 
the level at S is 0-2 of the horizontal distance Sz 2 . 

It is important that the height of the clinometer above the station, of 
observation should be subtracted from a jj 

fall or added to a rise r 

The Aneroid Barometer —The ane- j 

roid barometer (Figs. 114 and 115) is 5 f|=.- - -- --- Z 

graduated to show a scale of feet to con- ' ' 

siderable heights, such as 15,000 or 20,000. ' ' ‘ ' 

The principle of the instrument for reading j* 

heights is that the reading of the baro- Fig ill Indian Clinoheter 

meter varies with altitude, because the 

density of the air so varies and consequently pressure on the “drum” 
vanes It is necessary to observe corrections for temperature of the 
barometer and of the surrounding air. Such corrections are given in 
prepared tables. The reliability of the barometer vanes with different 
weather conditions A rough check is possible by using two instruments 
and taking a mean of their readings. 



In using the barometer to fix the approximate position ot contours, the 
observer should work between points of known height. If the student knows 
the height of stations in a valley, say 568 ft , and on a hill-top, say 1,020 ft., the 
barometer would be set to the known height at the valley station The observer 
would then move along some convenient salient, halting when the barometer 
showed the required contour readings (say with V I 100 ft.). Such points where 
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the 600, 700, 800 ft. contours are shown should be fixed by means of a plane-table. 
If the barometer reading differs from the known height of the hill station, there 
should be proportionate correction of all the contours. 

Barometer heights are useful where it is not possible to fix a trigonometrical 
station, as in forests, deep valleys observed from a height, etc 

The Hypsometer — This is a thermometer graduated from 180° F. to 212° F., 
which fits into a tube itself fitting into a small tank containing water and heated 
by a spirit lamp. The principle underlying its use recognises that the temperature 
at which water boils is lowered as the altitude increases By means of tables it 
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is possible to determine heights approximately after noting the reading on the 
hypsometer when the water boils and the mercury is steady. 

4. CONTOURING 

It is assumed that the general plan, without the hills, of an area, has been made 
by t mng ulation (see page 168) or traverse (page 180), and that it is desired to 
contour the ground systematically. 

It is best to begin somewhere near the highest part. First examine the 
general character of the ground carefully, noting the principal salient® 1 and 
re-entrants which mark the most noticeable spurs and stream courses: start 
with a hill. (See page 193 on levelling ) 

1 A spur (salient) u a prominent feature projecting from high ground into lower ground. A 
re-entrant is a depression m the aide of a hill 
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The first contour should be made at a distance below the summit somewhat 
less than the VI intended A line should be levelled round the hill, 
P (see Fig 116) represents the position of the observer from which this hn« 
is levelled A piece of white paper is fastened to a staff at a height abov< 
ground-level corresponding with that of the observer’s eye at the clinometer 
Then, with the clinometer at zero, a sight is taken on the paper on the 
stick at a. The stick is moved to other suitable positions, b, c, etc., which 



are similarly fixed on the ground and then on the sketch by resection, traverse, 
etc. The positions a, b, r, etc , must he the same height relative to P. 
These positions should be a guide to spurs or re-entrants, and by joining them 
the first contour is drawn. At each of the positions a, b, c, the map is set (see 
page 14), and rays (shown by dotted lines in the diagram) are drawn along the 
various spurs and re-entrants As far as possible they should be drawn along 
the ridge-line of a spur, or along the thalweg (= valley-line) of a re-entrant, and 
the slope is measured m their direction, but if there is a change in direction of 
the spur or re-entrant, the sketch must be set afresh and another ray drawn. 
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If preferred, bearings along the spurs can be taken with compass and 
plotted with protractor (see page 183) instead of obtaining rays by setting 
the sketch. 

Now measure the slope, starting at a The slope measures, say, 4§° without 
any change of slope along the ray If the VI is to be 10 ft , the H.E. will be 
44 yd-, and, bearing in mind the scale, distances corresponding to 44 yd are 
marked off along the ray on the sketch Similarly, there is no change of slope along 

the ray from b, and the 
same procedure isfollowed. 
The Blope here is 4°, and 
distances corresponding to 
50 yd are marked along 
the ray on the sketch 
Along the ray from o, 
the slope measures 3° for 
242 yd., 1 but then, at a 
point marked x on Fig 116 
it changes to 5° From c 
to x mark off H.E. inter- 
vals equivalent to 66 yd 
The last contour before the 
change of slope will be 66 
X 3 = 198 yd. from C, and 
the change of slope is 242 
— 198 = 44 yd. beyond this 
contour This is ^ of the V I , i c 6j ft with a slope of 3° and the remaining 
3$ ft with a slope of 5° For V I. 10 ft , H.E for slope of 3° is 66 yd.; therefore 
for 6| ft. of the V.I. it will be 44 yd. First contour after change of slope 
*=* — = 13 yd from point of change Indicate this contour by y, and from 

y mark intervals to correspond to 40 yd HE. for 5° slope. 

The process is continued along the other rays When the Crestline is near the 
head of a watercourse, direction of latter should be sketched as a guide. 

In measuring the slope, very small undulations can be neglected, but if at 
the change of slope there is anything, as a tree, about 5 ft. high, the angle of 

1 Not* — x ib fixed on sketch and scale gives 242 yd. from « to x. 
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depression to the top of this obj ect should be taken by the observer standing. Where 
no such object intervenes, the clinometer should be read close to the ground or staves. 

If the point P coincides with the spot height of an official topographical map, 
the contours can be numbered relative to it. If no such height is available, the 
contours are merely relative to one another, and the lowest can be reckoned as aero. 

When points for the contour lmes have been fixed, it is well to check the work 
and by deliberate observation to fix the position of at least one contour, e g. o'fe'c', 
other than the initial contour 
abc This can be done by 
levelling as in the case of the 
initial oontour. 

To Contour a Sand Dune 
First draw a rough plan of 
the dune, not attempting any- 
thing but a rough approxima- 
tion to scale, and indicate lines 
along which sights are to be 
taken (See Fig 117) 

Certain preliminary con- 
siderations are necessary The 
horizontal scale must be select- 
ed, say lin= 25 yd or 50 yd 
according to the size of the 
dune, the Vertical Interval 
must also be selected, say 10 
ft., and a scale of slopes must 
be constructed as explained m 
Section % page 190 

Begin by levelling a line all round the dune at a smaller distance from the 
crest than the Vertical Interval, a suitable distance would be 5 or 6 ft Points 
.from which sights are taken must be on this line, e g. A, B, C, D, E, F, G. 

Next decide the lower points to be sighted from tbese stations, eg. 
H, K, L, M, N, S, P. These are to be the same height above sea-level 

Observation by' clinometer shows AH to be 5°, BE 8°, CL 16°, DM 20°, 
EN 5°, FS 8°, GP 7°. 


K 



Fig 117 . Contours or Sand Dune 
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Use is made of the table of slopes. 

The H E. for AH is 2 -^ 10 = 40 yd. (also for EN) 

BK 20 - x 8 10 = 25 „ (also for FS) 

CL 20 x 16 10 - 12$ „ 

DM -* 10 = 10 „ 

GP 20 * 10 = 28 7 „ 

Choosing a suitable scale, mark off from the rays AH, EN distances correspond- 
ing to 40 yd , on BK, FS, corresponding to 25 yd , on CL, DM, GP, corresponding 
to 12$, 10, 28$ yd., respectively. Then 30 m the points of intersection, sketching 
in to show the contours. 

The precautions necessary m taking observations are (1) that the lme of 
Bight must be parallel to the ground, and thus the object sighted should be the 
same height above the ground as that of the clinometer, ( 2 ) that a check should 
be taken by readmg from the first object sighted to the observer’s original position, 
and the angles read should be equal, but in an opposite sense, (3) that a fresh 
readmg should be taken from the original position if the mean of the readings 
taken under ( 2 ) differs much from the original readmg 
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HINTS FOR THE INTERPRETATION OF GEOLOGICAL MAPS 

1. THE NATURE OF GEOLOGICAL MAPS 

Geological maps are very useful to the geographer m helping him to 
understand the character of physical features and soils, the distribution of 
minerals, and the problem of water supply He does not need to study them 
with that intensity and attention to technical detail necessary m the case 
of the trained geologist or the mining engineer, but he must grasp certain 
broad principles 

Geological maps contam information with respect to the nature, age, and 
relation of rocks which constitute the upper part of the earth's crust They also 
indicate the way m which the various beds of rock are inclined It is possible 
to draw sections illustrating the relative positions the rocks would occupy in a 
solid model Such sections are a great help when we examine the physical 
geography of a region of contrasted relief where hills and valleys alternate Both 
Ordnance Survey and Geological maps can be read without drawing sections, 
but practice in drawing such sections leads to facility in grasping the essential 
details and in interpreting the map. 

The geological map, m addition to details concerning the rocks, contains 
much of the information given by the ordinary topographical map, such as 
streams, routes, and settlements. One-inch Geological Survey maps show contour 
lines, bench marks, and trigonometrical stations, but it is an advantage to use 
an Ordnance Survey map for the relief, because the data can be more readily 
seen. 

The geological map, by means of different colours or stippling, shows the 
character and extent of the rocks which constitute the earth’s surface. Symbols 
are used to denote the position and extent of mineral veins and fractures (known 
as “ faults ”) which have affected the general relationship of rocks in some 
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districts. These can be seen in the keys printed on the margin of all geological 
maps The following symbols may be specially noted: — 

' >*o Denotes a dip (in quarries, railway cuttings, -+■ Indicates horizontal strata. 

©to.) of 10“ to 8 E. at the point where the X Indicates vertical strata longer line gives 
arrow appears on the map X strike direction 

*1 A dip of 8° to N W X Undulating beds 

\ Indicates direction, but not amount of dip. -f- Anticlinal axis (top of an arch of upfold), 

(Usually dip is small in those oases ) X Synclinal axis (» e bottom of a downfold). 

For England and Wales there are two kinds of geological maps for certain 
districts, namely the solid and drift editions. The solid map shows everything 
except glacial deposits, and includes peat, alluvium, river terraces, older river 
gravel, blown sand The drift edition shows all recent deposits as well as 
(1) glacial drift, (2) older formations where these are not covered by any of the 
newer deposits Drift maps are published for those regions, especially Eastern 
and Northern England, which were formerly overlaid by the ioe-sheets of the Ice 
Age. When possible, both the drift and solid geological map of the region Bhould 
be used. The former is invaluable in explaining the soil variations ; the latter is 
useful for study of land-forms and water-supply. 

2. THE CLASSIFICATION OF ROCKS ACCORDING TO ORIGIN 

Rocks of the earth’s crust, according to their origin, are divided into three 
main classes" (1) igneous, (2) sedimentary, (3) metamorphic 

Igneous Rocks. — These are due to the cooling and solidifying of molten 
matter. They comprise lava ejected from volcanoes and from fissures (or cracks 
m the earth’s surface), aB well as molten matter which has crystallised below the 
surface and was exposed when erosion removed overlying rock. Granite and 
basalt are well-known igneous rocks. 

Sedimentary Rocks —Sedimentary rocks have accumulated as sediment at 
the bottom of seas, lakeB, and river mouths, and were formed m relatively hori- 
zontal layers, though since formation they have often been changed by certain 
forces from then: original horizontal position. Some sedimentary rooks, such as 
sand, are due to accumulation of fine-grained material, largely quartz, which 
has been worn down by wind from debris eroded from other rocks. 




Classification of Rocks 


205 


Well known sedimentary rocks are Bandstone grits clay shale limestone 
Sandstone is formed when sand is made coherent by some cementing material 
such as calcium carbonate or oxide of iron Gnts comprise sandstones in which 
the original grams of sand are mamly angular Clay is a fine grained deposit 
largely a hydrated silicate of aluminium which is plastic because of the moisture 
which it contains Shale is a clay or silt which has been hardened and laminated 
that is arranged m a senes of layers Limestone consists mainly of calcium oar 
bonate derived from shells and skeletons of shell fish corals and other creatures 
in the sea in which it was formed Limestone is either hard or soft in which 
latter form it is known as chalk Not all limestones or other sedimentanes have 
originated first hand some are due to wearing away of former sedimentary 
igneous and metamorphic rocks and to redepos tion of the d6bns 

Mftamorphic Rocks — These have been formed by some great alteration of 
some other lock which before change ma) have been of igneous or sedimentary 
origin The alteration has been due to great pressure beat or a combination of 
heat and pressuro Metamorphic rocks are generally very highly crj stallme and 
those due to pressure usually much crumpled and contorted Gneiss crystalline 
schist marble and slate are metamorphic rocks 

3 THE CLASSIFICATION OF ROCKS ACCORDING TO AGE 

Rocks are also classified according to their age and a grasp of this method is 
necessary to understand geological maps The rocks are divided into groups or 
formations according to then gee logical age Some of the principal formations 
noted on British maps ire here given arranged m the order normally followed 
m keys to the geological map namely the newest rock at the top and the oldest 
at the bottom The lowest formation takes number 1 and letter a and other 
n umb ers work upwards with letters according to alphabetical order 

26 Recent and Pleistocene coiupna ug alluvial drift such as silt and gra\el peat 
glacial drift such as boulder claj sand and gravel 

25 Pliocene a group of shelly sands and gravels with occasional seams of clay 
24 Ohgooene shellv clays sands and limestones 
2d Upper Eocene sands and clays 

22 Lower Eocene clay (London an 1 other clays) and sands 
21 Chalk 
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18 We&lden ■ Weald Clay, Hastings Beds (sands, sandstones, and days) 

(Nos 18-21 are known as Cretaceous rocks ) 

17 Purbeck Beds- clays and limestones 

16 Upper Oolite Portland Beds (limestones and sands), Kimendge Clay. 

15 Middle Oolite’ Corallian (limestones and sands), Oxford Clay, Kellaways Bede. 
14 Lower Oolite Inferior Oolite (sands and limestone), Great Oolite (clayB and 
limestone), Combrash (limestone) 

13 Lias upper (shales), middle (ironstone, limestone, sands, and clays), lower (clayB 
and limestone) (Nos 13 to 17 are known as Jurassic rocks ) 

12 Upper Tnas (Bhaetic, Keuper)’ marls, shales, sandstones, and rock salt. 

11 Lower Trias (Bunter) : sandstones, sands, and pebble-beds 
10. Permian (a) magnesian limestone, (b) sandstone, conglomerate, marl 
9. Coal Measures shales, sandstones, clays, fire-clays, iron-ores. 

8. Millstone Grit grits, sandstones, shales 
7. Yoredale Series shales and limestone. 

6 Carboniferous Limestone 

5, Devonian shales, grits, and Old Red Sandstone, 

4. Silurian shales and grits 
3. Ordovician limestone, slates, and gnts. 

2 Cambrian’ slates and gnts 

1 Pre-Cambrian or Archaean schists, slates, grits, Torndoman .Sandstones 
Such rocks are largely metamorphie 

Nos. 2*26 above are classed as sedimentary rocks, and contain fossils They 
are broadly arranged in groups according to age, namely Primary, the oldest, 
Nos. 2-9, Secondary, Nos 10-21, Tertiary, Nos. 22-25, Quaternary, No 26 
Some pre-Cambnan rocks, eg Torndoman Sandstone, are also sedimentary 
in origin 

Igneous rocks are of all ages, some of the best-known being granite, basalt, 
and serpentine rooks 

On geological maps rocks are distinguished by vanouB colours, and sometimes 
by the addition of a distinguishing letter and number, for example, Pleistocene 
rocks axe shown by buff and the letter l, Cretaceous by various shades of green 
and the letter h ■ Wealden Beds by h\ Lower Greensand by h?, Gault by k *, 
etc.; Jurassic by browns and yellows and the letter g, Tnassic by pinks and 
the letter / ; Cambrian by pale grey and the letter a. 

Igneous rocks are always put at the bottom of an index list, whatever their 
age. Basalt is shown by the letter B, granite by G. 

There are special colours, with symbols, to indicate peat, alluvium, river 
terraces (often gravel), boulder clay, glacial sands, and gravels. 
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4. THE INTERPRETATION OF GEOLOGICAL MAPS 

In interpreting a geological map, the first thing to do is to examine the map 
generally m order to see what formations are depicted on it. Then look for 
which may occur in fair- 
ly continuous strips and 
patches, or in very small 
patches. It is well to 
realise that all drift is 
but a thin layer resting 
on the solid beds, and as 
a rule detailedconsidera- 
tionofdriftshould be left 
until the solid rock has 
been examined At first 
it is well to picture the 
map as though the dnft were not there Sometimes the junctions of the solid 
rocks below the dnft are shown by dotted lines, as in Fig 118, and Fig 119 

shows how the solid beds should 
be pictured apart from the 
dnft. 

Beds of sedimentary rocks 
were laid down as relatively 
honzontal sheets (or strata as 
they are sometimes termed) of 
fairly uniform thickness Many 
strata have later been tilted 
and folded, though the tilt or 
fold was often very slight 
Despite such folding or tilting 
the strata he one on the other 
very like the parts in the volume 
of a periodical. Thus, if any 
particular bed outcrops (or appears at the surface)^ is easy to reach an older bed 
below it. 

After general examination of the map and picturing it apart from the drift, 
you should ascertain where the newest or youngest beds he. In Fig 120 it is 
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evident that there is considerable outcrop of A® beds towards the east. Unless 
there is distinctly high land in the east, a fact determinable from the relief map, 
it is clear that the senes of deposits A 1 to A® must have a " dip ” (or downward 
trend) towards the east (Fig. 121) The beds A 1 , A 2 , A 3 must drop some considerable 
depth below the surface to allow room for the other members of the series. This 
method is reliable in picturing the dip of beds in relatively flat or undulating country. 
The inclination or dip of the bed must not be confused with slope ©f the ground. 

If the ground rose towards the east, the strata might lie relatively hori- 
zontally (Fig. 122) or might dip slightly towards the west (Fig. ] 23) When lines 



indicating geological junctions run roughly parallel to the contours (Fig 124) 
the Btrata are generally horizontal When the beds are horizontal, outcrops of 
the newer rocks are found wherever there are hills, and not merely m one par* 
ticular part of the map as might be the case when there is a tilt The patches of 
newest rock forming the hill-tops are termed outliers. In such a case it is easy 
to visualise the profile of the country, to see it as it were, like a block model which 
has been cut downwards to expose a “ section ” showing the various strata. 
(Fig. 125.) Outliers could occur m other ways, not necessarily on hill tops. 

Beds, however, are rarely quite horizontal Wherever there is a slight dip 
the geological junction lines cut across the contours. In Fig. 126 at A the junction 
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is 600 ft above sea-level, at B it is only 400 Then there is apparently a dip of 
100 ft. in a south-easterly direction along the line AB 

If the junctions arc independent of the contours and the outcrops are narrow 
(Fig 127), the beds are nearly or quite vertical 
(Fig 128) This does not often occur. Beds 
dipping gently are more usual Diagrams 127 to 
134 illustrate dip 

Dip is expressed in degrees from the horizontal. 
Where it can be observed in quarries, cuttings, or other exposures, it is shown 
on the map by dip arrows The dip is denoted where the point of the arrow 
is on the map. Often a dip arrow without number is given m such cases direction 
but not amount is indicated 

Reference is here made to the true or maximum dip, and not to what is 
known as apparent dip True dip is m a direction at right angles to the strike , 
dip in any other direction is less and is termed apparent dip The strike of a 




bed is its intersection with a level plane Such terms are illustrated in books 
mentioned on page 244 

Note that Figs 127, 129, 131, 133 are maps, and Figs 128, 130, 132, 134 
approximate geological sections, Fig 128 being made from Fig 127, etc 

Where strata have been folded m the form of tin upfold or arch, sometimes 
called an anticline, a strip of old strata is bounded on both sides by newer forma- 
tions (Figs. 131, 132) Where folding has been m the form of a downfold or 
syncline, outcrops of older rocks are on both sides of a strip of newer rocks 
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(Figs. 137, 138). Fig. 138 might be the section of a “ basin ” as well as of a 
downfold. The axis of both an upfold or downfold may be horizontal, though 
it may pitch or slope one or two ways 

The above diagrams are generalised sections drawn approximately, but sections 
should be drawn carefully from the maps with attention to available data. 

In the diagram (Fig 139) 0 represents the angle of dip, x the width of outcrop, 



Fig 135 F)g 130. 

y the thickness of the bed, and z its depth. If the width of outcrop (measurable 
from the map) and the angle of dip are known, the other values may be calculated 

thus:— n . n 

, y = x sin 0 ; z — x tan 0. 

Sin 6 and tan 0 can be found from a table of natural smes and natural tangents. 
And ismfl means x multiplied by value of the sine of the angle 0. 



Fig. 137 Fig 138. 


The thickness or depth of a bed can be obtained graphically Thus (Fig 139) 
draw angle NMP {i e 0) equal to the known angle of dip and mark off from M along 
MN the width of outcrop MN (=x) To obtain the Vertical depth of the bed, draw 
from N a line NP at right angles to MN, cutting MP at P. This line NP (— z) 
is the required vertical depth. The true thickness is given by dropping from N 
a line NQ (= y) perpendicular to MP This line NQ is the true thickness. 
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Dip, width, and thickness being known, we use such data in an ordinary 
topographical section drawn to scale from a contoured map. Note the section 
{Fig 141) drawn from the contoured map (Fig. 140), the geological data being 
duly filled m from the geological map {Fig. 142) 

A solid geological map shows the rocks m situ, that is, in their own positions 
where formed A solid geological map of Lincolnshire will show the chalk of the 
Wolds, the limestone of the Lincoln Heights, the clay of the vale west of the 
Wolds. These rocks in many places are mantled with boulder clay, glacial 
saDd, and gravel associated with the ice-sheet which once covered this country. 
These glacial deposits, as well as the alluvial deposits due to streams, are shown 
on the drift map The best way to combine a study 
of contours and geological data is to make tracings 
of (1) the contours, and (2) the Btreams of the relief 
map, (3) the solid geological map, (4) the drift 
geological map TheBc can be placed onp on 
another The drift map explains soils, boulder 
clay giving heavy soil difficult to work, and sand 
giving poor light soil, and it also accounts for 
the character of the clay m the Lincolnshire 
and Norfolk marshes, and the character of the 
boulder clay cliffs of Holderness or the “ island ” 
sites of gravel in the Fens where towns were originally built. There are no 
glacial deposits m Britain south of the Thames, and thus drift maps are not 
necessary here 

5. GENERAL GEOGRAPHICAL FEATURES OF CERTAIN ROCKS 

The London Clay of the London Basm forms undulating country, well timbered 
and nlostly grassland, but the soil is stiff. The Chalk of the scarplands, because 
of its uniform response to erosion, forms smooth, rolling, down country, like the 
North and South Downs, the Wolds, and Chilteme. The Lower Greensand forms 
gorse-covered, heathery commons and pme woods, like Hmd-head and Leith Hill 
Weald Clay and the Sand and Sandstones of the Hastings’ Beds give picturesque, 
wooded, and cultivated areas m the Weald region. The Kimeridge Clay forms a 
series of vales, affording rich pasture land suited for dairying in Dorsetshire and 
Wiltshire. The Oxford Clay vales m Wiltshire, Bedford, Lincoln, and Yorkshire 
have similar characteristics. The Limestone, as a rule, forms hills, like the 



Fig 139. 



General Geographical Features 


213 


Cotswolds and the Cleveland Hills. The Permian Sandstones give picturesque 
hilly country, with deep red lanes and fertile soil in Devon and Somerset The 
Millstone Grit forms high moorland regions, with picturesque crags, as in the 
Pennine district. The Carboniferous Limestone gives a “ karst ” type of country, 
with underground drainage, etc , in the Mendip region of Somersetshire, or the 
Pennmes in Derbyshire, where it tends to be picturesque moorland. The hard 
Devonian rocks, Slates, and Sandstones form high moorlands, mainly broad, 
rounded hills with steep slopes. The Silurian sandstones, shales, gnts give 
highland like the Lake District and Southern Uplands of Scotland. The 



Fiji 140 Contoured Map ot Part of Lincoi nshire Wolds 
Showing direction of Geological Bection given as Fig 141 Scale of Figs 140, 142, and horizontal 
scale of Fig 141 is identical 


Ordovician rocks give the mountainous district round Snowdon and the rougher 
mountains of the Lake District Mountains and moorlands are formed by the 
Cambrian rocks, as in Wales, the Malvems Granite and other crystalline rocks 
are associated with rugged mountainous or uplaqd country, as in the Scottish 
Highlands and the higher land of Devon -Cornwall 

The foregoing hints are intended to provide for the simpler general cases of 
geological data, and are merely introductory to more technical treatment m 
specialised textbooks Hence, such important subjects as faultmg, the various 
kinds of folds, overthrusts, etc,, are not treated here 
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Stream (Site fling tHt j) 

ASGARBY gBY ; 
i LU3BY 


Fig 141 Geological Section across paht of Lincolnshibb Wolds, 

S«i Figs 140 and 142 Vertical SoaJe exaggerated timed Thus section is adapted from the 
relevant Geological Survey Memoir by permission of the Director of the Geological Survey 
a Kimeridge Clay, b = Spilaby Sandstone; c •= Tealby Clay, d — Tealby Sandstone, 
t = Caratono, / «= Chalk; g = Glacial beds (mainly boulder clay) 



* ALLUVIUM (ALONG STREAM VALLEY) F~^l GLACIAL GRAVEL BOULDER CLAY 

1£-£1 CHALK (MIDDLE AND LOWER) F'.'l LOWER CRETACEOUS KIMERIDGE CLAY 

C A L As INDICATE VILLAGE SITES NOTED IN FIGS 140 fr 141 


Fig 142. SiMPLmsn Geological Map 

Baaed, by permission of the Director of the Geological Survey, on the one-inoh geological map 
(drift edition) 



EXERCISES ON PART I 

These exercises deal mainly with practical work connected with the study of 
maps. They are grouped into sections, at the head of which reference is made 
to chapters dealing with the subject of such sections 

Scale is important m map study, and thus several questions are devoted to 
the construction of scales and questions on their use 

Several questions, mainly on contoured maps, have been given as preliminary 
to questions based on actual Ordnance maps The questions on contoured maps, 
as well as the maps themselves, are mamly, by kind permission of the Local 
Examinations Syndicate, Cambridge University, from various Cambridge School 
Certificate and Higher Certificate papers. 

Many exhaustive questions are given on Ordnance maps reproduced by 
official sanction Study of such maps is very important and cxci ciaes on them 
should be carefully worked 

Questions dealing with weather maps, general atlas maps, distributional maps, 
and map projections have practical bearing The actual construction of distri- 
butional maps and graphs can be made from statistics in such publications as 
Whitaker, the Statesman's Year Book, etc. It is not desirable to load a book lilte 
this with statistics, but questions are given to test knowledge of the principles 
underlying construction of distributional maps This is the form questions 
usually take m examinations, the actual construction of such maps being a rather 
lengthy process. 
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Scales 

(See Chapter II ) 

1, What are the Representative Fractions of the British Ordnance Maps on soaleB 
respectively one inch, half-inch, and quarter-inch to the mile * 

What statements of scale m cm to the Km correspond to the above mentioned maps ? 

2 Which ib on the larger scale the British one inch Ordnance Map or tho French 1 • 50,000 
map f Give a brief reasoned answer in support of your statement 

3 Construct suitable scales in cm to Kin for tho maps mentioned in Question 1 

4 Draw suitable scales m inches to the mile and cm to Km. for tho International Map 

{1 1 million) 

5. Find the Rcpresentatn e Fraction for each of the following scales 5 ml, to 1 in , 5 in, to 
I ml , | cm to 1 Km , 2 cm to 1 Km , 5 in to 1,000 links 

6 Construct a scale of 4 ml to tho in to Bhow half miles, and one of 6 in to tho ml 
to measure 1 ,000 yd 

7 A racing motorist, travelling at 90 ml }ier hr , covers a straight length of road between 
two points, A and B, in 10 min If tho distance between A and B measures 6 in on a map, what 
is the R F of this map ’ Give a reasoned answer, and construct a scale to show miles 

8. You are given a map, x, for some 40 «q ml , showing the results of careful tn angulation and 
systematic contouring It is on a rather larger scale than 1 63, 360 and considerably less than 

1 : 10,560 If you have sheets of the one-inch and sis. inch Ordnance Map of tho same country, 
say how, by using either of these Ordnance Maps, you could ascertain the scale of tho map * Praw 
a suitable stale for it showing 1,000 yd intervals 

0 To construct a t^mc-scale, for, say a map of scale 1 in to 1 ml , for a person walking 4 ml 
per hr , note that 4 in represent 4 ml (coverod in 1 hr ) Draw a lino 4 m long, Insect it ond number 
the centrp as “0” and the right-hand end as “30 min ” The half of the lino to the left of 0 can be 
divided into three equal parts, each representing 10 min and numbered (right to left) 10, 20, 30 min 

Discuss the practical value of such a scale, and construct soales to show the distance 
traversed by an exploring party travelling 2} ml per hr , using maps of scale 1 50,000 and 

1 • 63,360 

10 You have three maps respectively on a scale of 1 50,000,1 63,360,1 80,000 to represent parts 
of a region for w hich a map on a common scale of 1 60,000 is to bo made If sides of grid squares 
on the redrawn map are to be 1 in , what are they on the other maps ’ Give a reasoned answer 

Draw scales for the new map to show miles and Km respectively 


CONTOUBED AND PHYSICAL MAPS 
(See Chapters V and VI ) 

The questions 16 8, 13, 14, 16, 17 and relevant maps are taken fiom Cambridge School 
Certificate papers, and 19, 20 from Cambridge Higher Certificate papers by kind permission of 
the Local Examinations Syndicate of the University of Cambridge- Additional questions on the 
maps are also given Maps are on a smaller scale than in the examination papers 

These questions are very useful as an introduction to the fuller analysis of Ordnance Survey 
Maps, such as the analysis given in Chapter VII 

Do not attempt merely to describe the map. but endeavour to see m three dimensions what w 
behind the map. Try to see mentally and to describe what the map signifies, and remember that 
the map ib really a kind of geographical shorthand note of the actual country 

In addition to attempting the actual questions set on these maps, it is possible to use the maps 
for practice in interpreting details referred to in Chapters V , VI. 
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1. On the map (Pig. 143) given you, contours are drawn for every 260 ft. 

(i) Draw in neatly (a) the course of the stream which enters the sea near A, ( b ) its chief 
tributaries. 

(u) What is the approximate height of the highest point of the island T Mark its position 
by an arrow. 

(iu) Calculate the approximate scale of the map, and explain how your result is obtained. 



Fig. 143. 

(iv) Calculate the average slo^re from B to X. 

(y) Compare the view obtained from X with that from Y looking east in each case. 

2. Enlarge the map (Fig 143), say to twice the size, and draw the contours in pencil Identify 
the valleys and trace in ink the course of probable streams. 
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3. Write notes on the physical characteristics of the valleys as suggested by the contours in 
Fig 143, t g what you could loam from longitudinal and oross-Boctions, otc. 

4, Identify features each as escarpment, spur, ridge, plateau, col in Fig. 143. 

5 Suggest the types of scenery notioeable in a coasting voyage round the island (Fig. 143.) 

6 The map (Fig 144) is drawn on the scale indicated below. Contours me drawn at 100 ft , 
at 900 ft , and upwards for every 200 ft 

(a) Shade lightly in pencil the parts between 800 and 1000 ft 



(6) Part of the course of a stream is shown flowing at A into the large estuary Draw mfrorn 
their sources the courses of the headwaters of this stream 

(c) Towards the N.W of the map, the mouth of a stream is shown flowing into the sea at B, 

Draw m pencil the water parting (t e the divide) of the basin of this stream, as far as 
it is shown on the map 

(d) Either Compare the views to the east and to the west from the commanding position at 

Y. Remember that your field of vision is about 60°, 

Or, Describe the direction and character of the small road, indicated by a broken line 

( ) from C to I), through X (730 ft ), and calculate the gradients in the steepest 

part* on either side of X 
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7. In Pig. 144. (a) Identify the various physical features by means of the oontours { b ) Describe 
the features associated with the large river flowing northward into the sea (c) Describe the 
character of the coastal lands, (d) Compare the coastal plan with the flood-plain of the river 
noted In (b) 

8. Study the map given m Pig 145 It is contoured at vertical intervals of 100 ft , and 
shows all the surface streams of the area 

( 0 ) Calculate the approximate area m square miles of the country Bhowit on the map 
(6) Shade the parts more than 000 ft above sea-level 

(c) Print the words “gap,” “ esoarpment,” and “ dry valley ’’ in their appropriate places on 

the map 

(d) Describe the chief 

features of the 
relief of tbo land 
(s) Two railways tra- 
verse this area, 
one from north 
to south, the 
other fiom wcai 
to east Insert 
them on the 
map 

9 Descn be t he features 
associated with the river 
shown on the map {Fig 145), 
and compare the character 
of the valley at different 
parts of its course 

10 Compare the 
streams m the 8 B of Fig 
146 with that in the 8 VV , 
and make some comparison 
of the landscape likely to be 
seen id different parts of the 
region mapped 

11 Enlarge the map 
(Fig 145) to three times its 
present size (see page 12), 
and draw three or four dia- 
grams showing cross-sections of the valley at different points Describe any differences in the 
type of valley shown by such sections 

12 Suggest where, on Fig 145, village sites are, end are not, likely, Suggost any negative 
effect of the river on location of village sites and say what use would probably be made of the 
land in the mam valley 

IS. The area shown on the map (Fig. 146) is taken from a British Ordnance Map. The contours 
are drawn at intervals of 100 ft , and the dotted lines represent roads 

( 1 ) On the map mark the following — (a) A river flowing from B to the southern edge of the 
map, and oae right-bank tributary (6) Ow, area of moorland and <me area of meadowland, shade 
hghtly these area® in different ways and print the words Moor and Meadow on the shading, (c) The 
road from D to G through E as a first-class road unfenced on both sides where it rises above 700 ft. 



Fig 145 




Scale l 126,720 


Scale (n)(a). 



io(k>1_: - . - . - . : 



hi) fc) Distance in miles from D to C (ria H) — 


Fig 146. 

(ii) Under the map — 

(а) Divide the given line to show the scale of tho map in miles. 

(б) On the ruled lines, draw a section (or profile) of the road which runs from D to G 

through H, using the vertical scale which is marked at the side of the lines, 
(c) State in miles the length of the road DHG 




Exercises 


221 




Fir 147 

14 The map (Fig 147) shows part of the South coast of England The contours are drawn 
from sea-level at 100 ft. intervals Examine the contours carefully and the positions of the points 

P, Q, R, 8 

(a) Shade the areas winch are 600 ft and over. 

(b) On the ruled lines draw a profile-section of the country along the line joining S and P. 

(c) Draw two right-bank tributaries of the main river 

(d) Show the most likely track of a railway from Q through R to S, and mark tunnels. 

(e) Show the watershed in the south-eastern portion of the map (south of P). 




Exerases 



Scale 1 * 158. 400 



SOOTH KOKTH 

Fig 148 

15. On the map (Fig 148) find the towns A, B, C, and study the map scale. 

Contours are drawn at 200 ft intervals, from 600 ft. upwards The broken line the 

divide {watershed) of two nver basins, altitudes along the divide are shown in feet. 

Motor roads lead from B to C into the next river basin . 

Draw on the map— (a) A straight line from A to the highest point of the divide, and along 
the line write (l) its direction from A, (u) the distance, to the nearest { ml,, which the hoe 
represents (4) From their sources, the headstreams of tie river on which A is situated, (e) A 
motor road mih easy gradients between A and B, and also a branch of that road to C. (d) A 
protUe-aectlan along the divide from South to North. 
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16, Consider Fig. 148 and— 

(*) Describe generally the relief and write notes on the more important physical features 
(6) Suggest broad physioal divisions. 

17. Study the map (Fig 149) The contour intervals are 100 ft. The figures near X and Y 
give the height m feet of the river at these points. 

Two roads, A to B and C to JD, cross the region. 

V a ) Shade the parts over 800 ft 



( b ) Measure the distance by river from X to Y, and find tho average fall of the river 
expressed in inches per mile 
(e) In what general direotion is the river flowing 7 

(d) Describe tn detail the course of the road from A to B How does it differ from 
that of the road from C to D T 

18, Consider Fig. 149 and — 

(а) Describe generally the relief and write notes on the more important physical features. 

(б) Suggest broad physical divisions. 

19. Compare the coast lines shown on the accompanying maps (Fig 150) Describe and 
explain their characteristic features 
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20 Describe and ex- 
plain the physical features 
of the regions represented 
on the maps (A-D) (Fig 
151 ) 

What change would 
take place in C if the region 
were slowly uplifted 1 

21 Study Fig 146 

(а) Identify features 

such as escarp 
merit. valley, 
spur, ridge 

(б) Attempt a general 

description of 
the relief and 
physioal features 
as suggested by 
the contours 

(c) Suggest two or three 
distinctive phy- 
sical regions, e g 
river basin, dis- 
sected plateau, 
etc 

22 Consider Fig 147 
and— 

(а) Identify features 

such as escarp 
meet, valley, 
spur, ridge. 

(б) Attempt a general 

description of 
the relief and 
physical features 
as suggested bv 
the contours. 

(c) Suggest two or 
three distinctive 
physical regions, 
e g river basin, 
dissected plat- 
eau, etc, 

(tZ) Describe the coast- 
land, 

(e) State what is note- 
worthy m the 
ooursc of the 
river flowing 
from N to 8 in 
the eastern part 
of the map. 


Fig 161. 
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Ordnance Maps 

(See Chapters IV -VII ) 

The following questions 1 to 20 are based on the Tourist Edition oT the Lake District map, 
which is required, but most of them can be adapted for use with any other Ordnance Map 

Suitable maps for study are sheets dealing with — 

(а) The Pennmes, Cotswolds, Chdtems, Downs, Lincoln Edge, Lincolnshire and Yorkshire Wolds 

(б) North Wales, Highland and Southern Uplands of Scotland (especially river valleys of such 
regions) 

(c) Cornwall and Devon, especially Dartmoor, Exmoor ' 

(d) Fenland, Vale of Pickering, Weald, Lower Trent Valley, Vale of York 

(e) Coasts of Holdemess, S E Suffolk and Essex, Kent and Sussex, ComwaU-Devon, W. 
Scotland, Moray Firth 

A suitable selection can be made from the Index Sheet of the one-inch Ordnance Maps It 
is advisable (1) to study carefully examples of maps representing different types of country, and 
(2) to analyse them ou lines suggested by the following questions — 

1 Reducing the scale to 5 ml to 1 in , draw sketch -roapB showing- 

fa) Distribution of woodland, and aooount for its presence 

(6) Lakes and streams, noting what features in the original are necessarily distorted 
(c) Routes and towns, explaining how far the sites of the towns seem to be influenced 
by physical features 

2 Adopting a scale of 6 m to 1 ml , enlarge portions of the map as fol'ows — 

(a) Districts (say about 10 or 12 sq ml ) immediately around (i) Skiddaw, (n) Helvellyn, 
(m) Scafell, noting what may be deduced from the contours and analysing character 
of the slopes 

(!>) District covered by squares FI, F2, F3 on the grid (Buttcrmore, etc ), writing brief 
notes on the physical features 

3, Reducing the scale to 4 ml to 1 in , draw sketch-map showing — 

(a) The relief simpbfied ( b ) The drainage 

4 Use the above sketch-maps to suggest possible division into physical (or physiographic) regions, 
justifying such division 

5 In connection with the map required in 3 (a), explain the method adopted for showing the 
s im plified relief features. Why is it difficult to reduce the map literally in this respect? 

0 On a reduced sketch-map (scale 4 ml to 1 m ) show the distribution of villages by a small 
circle and towns by a square 

7 Discuss broadly the general distribution of population shown on this map, and explain 
clearly why the blanks occur 

8 With the aid of a sketch map of scale 4 ml to 1 m , explain how far the area is served by 
(l) first-class, (n) second- and third-class, roads, and aooount for the occurrence of those different 
types of Toad 

9. Draw sections true to horizontal scale, and with the feast possible exaggeration of vertical 
scale for country indicated by a straight line between the following places — 

(a) Amblesido and Windermere 

(b) Buttermere to Borrowdale. 

(c) Great Dod (D7) to Barton Fell (DIO) 


tf.ro 
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10. Describe character at country shown by the above sections. 

1 1 . Draw longitudinal sections of the roads from— 

(а) Kendal to BcwneBa- on • W mdermere . 

(б) Kendal to the township of Windermere 
(c) Corns ton to Ambleside 

12 Compare tire character of the above roads, giving reasons for any striking differences 

13. Draw sketch-maps of the following lakes on a scale of 6 m to 1 ml., and include sufficient 
contours to show the relief of the lakeside regions • — 

(a) Hawes Water. (6) Comston Water 

(c) Wast Water (d) Ullswater 

(«) Thrrlmere. (/) Crummook Water with Bnttermere. 

14. Similarly draw maps on scale of 3 m to 1 ml for — 

(а) Windermere. 

(б) Derwentwater with Bassenthwaite 

15. Analyse the maps drawn tinder 13 and 14 in an endeavour to dcBoribe the general features 
of the various lake basins of the Lake District. 

16. Taking Trout Beck flowing into the eastern side of Windermere, draw an enlarged sketch- 
map on soale of 6 in, to 1 ml , showing the contours Then draw about half-a-dosen cross- sections of 
the valley, and, using them, discuss the physical character of the valley 

17 Draw, based on this map, contoured sketches on an enlarged scale of 6 in to 1 ml to show (i> 
a hanging valley, (a) a ool; (in) a re-entrant; (iv) a spur, (v) a scarped slope, (vi) a cirque, (vn) 
a rounded hill, (vin) portion of dome with radial drainage. 

18 Analyse the place names, e g pike, fell, to illustrate the general character of the physical 
features. 

19 Select from the region (l) a main valley floor; (it) a lakeside plain or border, (in) a lofty 
summit; (iv) a moderately high plateau, and describe the general character of the landscape as 
seen from your position 

20. Co-ordinate what you have deduced in connection with Question 19 and give a summary 
account of the landscape associated with the Lake District 

21. For each of the small maps for Ambleside (page 64), Sedbergh (page 64), Banchoty 
(page 32), Cheddar (page 32), apply from the above exercises the following questions; 1, 3, i, 
6, 7, 8. Contrast the physical features and relief of the Banchory and Cheddar maps, briefly noting 
their probable effect on human occupations 

22 Describe and oompare the methods of showing relief on any topographical maps known 
to you 

Note — The British quarter-inch and one-inch Ordnance Haps, and various editions of the 
one-inch Ordnance Map offer scope for this question 

23. Write a short essay on the usefulness and the limitations of contours for showing relief, 
illustrating in the latter respect from maps for regions such as the Scottish Highlands and the 
English Eanlaad. 

24. Describe and comment upon the conventional methods used on English large-scale 
topographical maps for mdwatmg communications and features connected with them. 
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25. Describe the various symbols used m connection with “Man and his Work" on the 
one-inch (Popular Edition) of the English Ordnance Map Note any improvement ra the Symbols 
of the Fifth (Relief) edition 

2d. For what special purpose in the study of physical geography do you think the following 
English Ordnance Maps are useful quarter-inch, half -inch, and one-inch to the mile respectively f 
Suggest how any of the above maps may be misleading for this particular purpose. 

27. Answer similarly for the economic geography dealing with occupations and trades. 


Map Drawing prom Data 

(See Chapters V -VU ) 

1 Make sketch-maps with suitable land and sea contours to show the following on a wale of 
2 ml. to 1 in 

(l) A low sandy dune-bordered Bhore line, with drowned valley estuaries and fringed with 
low islands Along the coast the hinterland is flat plain, rising inland to undulating country and 
finally to chalk upland parallel to the coast and forming a dissected plateau with scarped side 
furthest from the coast 

(u) A drowned coast, with fjords and tributaries, fringed by a skerryguard of islands. The 
land is essentially a plateau about 3,000 ft high, dissected by drainage emptying into the fjord, 

(in) Two roughly parallel east-west ranges of chalk hills about 900-1,000 ft high, with an inter- 
vening lowland about 30 ml wide along which run low hilk of sandstone parallel to this chalk ranges 
Streams rise on either side of the Handstone ridge and flow towards the chalk, through which they 
pass by narrow gap valleys to join a large mcr and the sea coast respectively north and south of 
this upland region 

2 Draw, stating your soale, contoured sketch-maps to show— 

(i) A stretch of inland country about 40 ml by 30, consisting essentially of chalk uplands 
with a well-developed escarpment from which streams flow to a bordering lowland On the upland 
show examples of ndge and plateau, and give an example of a wind gap Two consequent streams 
flow along the gentler slope and unite on the adjacent plain 

(u) An area of about 50 ml. by 60 showing an alternation of rooky peninsulas and long, narrow 
openings (nas), the hinterland being an upland plateau dissected by valleys whose streams flow into 
thenas 

(m) An island about 40 miles long from S W to N E and varying in breadth from about 
30 miles in the 8 W to 10 miles in the N E The S W coast is much dissected w ith long, narrow, 
fjord-hko openings and is fringed by a number of small rocky islands. From this coast the land 
gradually rises to a plateau some 2000 it high and Btretchmg through about a third of the length 
of the island The plateau descends to a low undulating plain about 15 miles long by 12 miles 
broad. From the plain a range of hills rises to the N-E and is flanked by a coastal plain about 
5 miles wide. From these hills rivers flow to both plains, and also from the plateau to the larger 
plain. The plateau ia of limestone, and the hills, which are of ohalk, run down to the coast m the 
N.E. to form cliffs. Much of the smaller coastal plain m marsh, but the larger plant into which 
two estuaries open, consists mainly of well drained land on which alluvium predominates. In 
addition to relief, show drainage features, possible sites of human settlement, and lines of 
communication. 
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Weather and Climate Maps 


(See Chapter b IX. and X ) 


The questions 1, 7. 8, 10, 11 are taken from Cambridge School Certificate papers, and 9, 15, 25 
from Cambridge Higher Certificate papers by kind permission of the Looal Examinations Syndicate 
of the University of Cambridge 



1. Study the map 
(Fig 162) which records, 
on a day m late No- 
\ ember, the corrected 
barometric pressures at 
certain land stations 
and ship positions. 

(a) Join with neat 
lines all stations hav- 
ing the aame pres- 
sures What name is 
given to these lines ? 

( b ) Draw a graph 
on the lines below the 
map to show the vari- 
ations of pressure 
along the line X-Y 

(r) Describe the 
distribution of pres- 
sure as mdioated by 
the chart 

£ Explain why the 
maps (Figs 44-67) given 
m Chapter IX would 
be of relatively little 
use in explaining the 
climate of the British 
Isles, though they lllus- 
tiate several types of 
British weather 

3. Write a short 
account of the climate 
of the British Isles, and 
suggest types of dia- 
grams or maps which 
might be used as illus- 
trations 


Fig 152 4 In what way 

does an isotherm map 

or an isobar map (a) resemhle, ( b ) differ from, a contoured map 7 What adjustment of data is usual 
before preparation of isotherm and isobar maps 7 Criticise such adjustment 

5. What data, not necessarily rainfall statistics, would you require for preparation of (a) a 
rainfall graph, (6) a rainfall map 7 How could the graph be made auxiliary to the map 7 
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6 Analyse a typical weather map to show (a) what information can bo derived from it, 
(i) what data would he required for its preparation. 

7. On th© map (Fig. 153) the isotherms are drawn for mean sea-level temperatures m degrees 
Fahrenheit. 

(a) On the map, shade the area in Ireland where the mean sea-level temperature for 

January is highest and the-area m England where it is lowest 

(b) State, to the nearest degree, the mean temperature at A in July and at B in January 

Explain how you obtain your answers 

(e) Explain the irregularities in the July isotherm 60° F and in the January isotherm 
32° F respectively 

8. Study the Weather Charts in Fig 155 and notice the dateB 

(a) What does mb stand for, and w hat is the vahiB of 1 mb m inches 1 

(b) Show, by arrows in each chart the 

direction of the wind on the N E 
coast of Scotland and on the N W. 
coast of Franco 

(c) Describe the pressure changes which 

took place m the 24 hours 

(<i) How would these changes have 
affected the weather in S W 
England 1 

9 Give a general account of the weather 
which would be likely t.o occur under tin on- 
ditions show n on the barometric charts gn l in 
Fig. 154. Indicate on the maps the dire ons 
of the winds 

10 The map (Fig 156) shows the corrected 
readings of the barunietei, in millibars, at a 
number of observation points m Western Europe 
at 7 a m on a certain morning in March 

(a) Draw the isobars of 990, 995, 

1 ,0<M), and 1,005 mb 

(b) Indicate by arrows the probable direction of t wind ver Western Ireland, Southern 

England, Denmark, the Shetland Islands 

(c) How did you decide in which direction to point the arr hen answering (b) T 
(<?) Descnbe the distribution of pressure shown on the m>] 

11 Tho map (Fig 157) shows the distribution of atmosphonc p e over Western Europe 
at 7 a.in on a certain November day 

(а) Explain the significance of the words High and Low which are printed on the map. 

(б) Indicate by arrows the probable direction of the wind over N.W Ireland, N Scotland, 

N Coast of Spam, and Denmark 

(c) Shade lightly the areas where ram would probably fall during tho day 

(d) How would the weather experienced during the day in S.E. England differ from that 

experienced in Southern Spam t 


notice the dateB 

the value of 1 mb m inches If 

















Fig. 158. 
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12. On the weather maps 
(Figs 46*57) comment on the 
direction of the mam air cur 
rente and compare them with 
the conventional planetary wind 
system 

13. Write a short essay 
on the methods of weather 
forecasting, and note what un- 
foreseen factors may possibly 
interfere with the forecast 

14 Compare any two maps 
showing the weather conditions 
associated with depressions and 
anticyclones (a) in winter, 

( b ) in suuimei 

15 Opon the isobanc chart 
for a day m December (Fig 
158)- 

(а) Insert arrow's to indi- 

cate the directions 
and relativo force 
of the winds 

(б) Indicate areas whore 

ram or snow, thick 
cloud, fog, may lie 
encountered 

(r) Illustrate the variation 
in atmospheric pres- 
sure by graphs draw n 
along the lines ABC 
and DBEF 

(i d ) What weather would 
he experienced at tho 
time of observation 
at Reykjavik, Liver- 
pool, Rome, and Oslo? 
Mark their positions 
on the chart. 

16. What weather system 
does each of the maps (Figs. 
159, 160) typify ? Describe the 
general conditions associated 
with such systems, and give 
reasons for any epeoial features. 
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11 Reckon 

AtoB'Stt 

D on diagram 
161 Mid indicate 
the probable dl 
recbon of the 
dominant wind* 
in the area 
covered by the 
isobars 

lfl From 
data m Fig 102 
c onstreet a suit 
able isotherm 
map 

19 Referring 
to Fig 62, mig 
geet the probable 
weather oondi 
tions at Valencia 
(Ireland) Dublin 
Plymouth Man 
Chester Oxford 
Brighton Lon 
don Cambridge 
an 1 ftooount for 
any differences 

20 Raferr ng 
to Fig 53, for the 
same places sim 
larly discuss the 
weather 

21 Referring 
to Fig 57 simi 
larly discuss the 
weather for Oban 
Edinburgh Aber 
deen Wick 
Reykjav k Oslo 
Copenhagen 
Stockholm 

22 Referring 
to Figs 61 and 66 
analyse the 
weather shown 
m the pressure 
conditions known 
ut od tte 
w n be and explain 
the weather e*r 
rounding the col 
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23. Referring to Riga 52, 55, 57, attempt some comparison of conditions due to depressions 
at different -tames of the year 

24. Using Figft. 45, 47, make some comparison of the weather associated with a Secondary 
Repression and a Ridge of High Pressure. 

25 On the map given in Fig 163. which shows isotherms for January and July, draw 
line* of equal annual range of temperature Comment on any points of special interest 

Map Projections 

(See Chapters XI -XIII.) 

1 What would guide you in determining whether an atlas map of the world was on the 
Micron tor Or the Mollweide projection ? 

2. Give instance®, m connection with world maps for which the Mercator and Mollweide 
projections would bo (l) suitable, (u) unsuitable, stating reasons. 

3. Why might a Mercator map bo fairly suitable for showing world distribution of noe 
or rubber, but not of 
wheat t Suggest, giving 
your reasons, a bettor pro- 
jection for rice or rubber 
distribution. 

4. How would you 
recognise a 2 enithal projec- 
tion from a general lti- 
Bpeotiont Name some of 
the chief zenithal projec- 
tions and give their mam 
characteristics 

5 For what types of 
map might some of the 
better-known zenithal pro- 
jections be used ? Mention 
briefly some of the limita- 
tions of this class of 
projection 

5 Which should you prefer for a world map to show relief features, tbe Sanson-Flamsteed 
or Mollweide projection T Give reasons 

7 Point out the usefulness of the following projections for specific purposes Bonne, Simple 
Conical with one standard parallel, Conical with two standard parallels 

8. What projections would you use for Africa and South America (l) to erfiphasis© orthomor- 
phism, i e correct shape, (u) to show distribution of rubber, cotton, and wheat? Give reasons for 
your choice 

9. What projections would you select to show ( 1 ) route of tbe Canadian Pacific Railway, 
(ii) the Mississippi basin, (in) prevailing winds and oo^an currents of the Atlantic and Pacific 
Queans ? Give reasons 

10. flay why you consider the following projections would bo unsuitable, vis (i) Mercator for 
Canada, (li) Sanson-Flamsteed for Australia, ini) Bonne for Eurasia <t s Europe plus Asia), (iv) the 
Simple Conic with one standard parallel for South America. 
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11. Compare and contrast the properties of Corneal and Cylindrical projections. Mention, 
giving your reasons, one region for which each is, and is not, suitable. 


General Atlas Maps 

1 In connection with Atlas maps, mention the contour intervals yon have Been used for maps 
of (1) the World, (2) a continent like Africa or South America, (3) England and Wales; (4) Prance; 
(6) Switzerland , (6) India 

In each cose suggest the type of features which the contours are dOBigned to show In what 
way do the relief features of these maps differ from those of large-scale topographical maps f 

2 What do you understand by (1) a physical or physiographioal region, (u) a climatic region; 
(ui) a natural region ’ To what extent would your ordinary atlas maps be useful in determining 
such regions for (I) a given country, (u) a continent ♦ 

3. To what extent do you consider that a small scale atlas map gives an erroneous or, a 
limited impression of the relief of a continent ? In this respect compare an atlas map of North 
America with the topographical maps on a scale of 1 50,000 for, say, the Western Highlands 
in Oregon and Washington 

4. In connection with any atlases with wbioh you are familiar mention what material it 
contains which will help you to — 

(l) Explain the distribution of population in England and Wales 

(n) Suggest broad climatic regions for a oontment like North or South America. 

6 Compare the ordinary climatic maps of a good sohool atlab with the weather mapB issued 
by the Meteorological Office Bring out differences as regards content and symbols used, and 
suggest for what particular purpose each type of map is intended 

6. How would you use reasonably good atlas maps to help you in describing the connection 
between physical features and routes in Switzerland and Trance? Which do you consider the 
more directly useful for this purpose and why 9 


Distribution Maps 

(See Chapter VIII) 

1. You have for a certain region — 

(i) A table showing the number of sheep per parish. 

(n) Two distribution maps made respectively on the shading and dot method 
(m) A graph curve showing comparatively the number of sheep per parish 

Arrange the above m the order of what you deem to be their usefulness, giving reasons 
for your choice. 

2. Treat, in like manner, similar data bearing upon the population of (a) Yorkshire, (b) Lincoln- 
shire, (e) Cornwall, and say what factors here come in which do not concern us in data for crops 
and cattle. 

N.B. — Treat each county as for a separate question and note any points connected with the 
distribution of population in each county 
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3. Say how you would use an atlas vegetation map m connection with relief and climate maps 
of South America to suggest a division of that continent into broad natural regions T Sow may the 
vegetation map, if used alone, give a false or one-aided impression f 

4. Describe the methods adopted for collecting data relative to the number and distribution 
of cattle and sheep in England and Wales How can the available data be used for mapping Hie 
distribution of such stock ? How far do you consider that such data and the maps which Can be 
made from them fail to represent the normal distribution of stock in thiB country ? 

5 What are the chief difficulties and problems involved m the compilation of a population 
map (a) of England and Wales for reduction to a scale suitable for atlas purposes, (6) of a limited 
area, say a oounty or part of a large county on a scale of 1 63,360 for illustration of a regional 

essay ? Suggest ways of overcoming or minimising such difficulties 

6. What are the chief difficulties as regards data for, and preparation of, maps to indicate 
temperature? Comment on the limitations of temperature maps 

7 Explain, with illustrative sketches, how you would represent by diagrammatic or 
cartographical methods — 

(а) Variability of rainfall and temperature for a certain station foi a period of 20 years. 

(б) Variability of population for a town and for a oounty as indicated by the figures for two 
separate census years 

Point out any special difficulties in connection with the use and adjustment of the available 
data, and say how you would overcome them 

Mole — (a) and (b) above can be regarded os separate questions 

8 Describe and criticise any cartographical methods you have seen in atlas maps and textbook 
diagrams designed to show density of population 

9, What typos of map sometimes used to indicate density of population or stock fail to show 
adequately its distribution ? Give reasons for such failure and suggest a remedy 

10 W'bat data would you need to make a rainfall map of, say, England north of the Mersey 
and Humber ? Given this data, explain how you would produce such a map Note its limitations 



EXERCISES ON PART II 

Most of Part II deals with practical surveying as applied to map making 
The best exercise after having seen, handled, and mastered the use of the various 
instruments is to undertake some practical outdooi work with the instrument® 
Students in the Oleography School of a University can normally obtain practice 
under expert guidance Others must rely upon vacation rouises, pm ate help 
from surveyors or upon their own resources It is mainly for the latter that 
the following exercises are drawn up To attempt them will give a concrete 
basis to what has been read in the vanous chapters 

The exercises are not graded in order of dififn ulty The ligunvs aiU r each 
question refer to the various chapters containing relevant mateual 

No specific exercises are given on Geologic.il Maps Students <ire advised to 
select suitable maps, (1) to explain the physical features by the rock structure, 
(2) to study the sections on the maps with a view to drawing others similar to 
them elsewhere across the map 

1 Enumerate unci emphasise 1-ho rilative important, e of the Yimous stages nei essan w the 
trigonometrn al siinev of a large ait a suoh as llic British Isles (< 'haptcr XIV ) 

2 A suitable base line having betn df toiminod, desnilx with illustrative *k< lehe>- the simple 
trial igu Ini ion of an island of. say, 5.000 sq nil aiea, when (he mean wa level is known but no 
pn vioualv computated liigonoim trie al huglite are availabli (('buplc r AIV ) 

J Suppose an island sin h as Tasmania, with about 26,000 sq ml art h had not bum surveyed 
previously, and that it wan domed to make a topogiaplm al serves , reasonably careful, but not 
of nunuto geodetic aceurat s I'Ll aim is to make a reliable topographical map mauils by means 
of careful theodolite ti isngulalion, supplrmanl-ed by plane-table wmk Enumerate tin various 
steps in such a survey und < ommeut upon then nupoitana. (t’haphrs XIV -W11 ) 

4 Aa separate questions, select earh of the steps, enumerated in the previous answci, and 
describe the procedure m some dr tail (V good atlas map of Tasmania mil be of assistance in 
framing thebe answers) (Chapteib XIV -XVII ) 

6 Make a list of the various instruments and accessories you would consider necessary in 
such a survev as that referred to in Question 3, and add brief notes why you consider each one 
suitable for thi. particular purpose in view (Chapters XIV -XVII ) 

*1 It is desired to make, for a large-scale map of 1 . 5,001), a topogiapiucal survey of about 30 
eq ml around a village, in one of the East J'oimine dales. Outline the method you would follow in 
such a survey, supposing that the relevant one-inoh Ordnance Map of the district was available. 
How would your map differ fioni (he Ordnance Map mentioned ? (Chapters XV -XVII.) 
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7 A tropical country has been covered by tuangulation m a cartful trigonometrical survey 
ft ib desired to fill m topographical detail in (1) a mi do alluvial plain watered by several rivt ih and 
mainly devoted to nee culture , (2) upland bordering the plain and rather densely forested Explain 
how you would fill m topographical detail in the two regions, and for tins particular purpose compare 
the usefulness of survey by (a) plane-table, (b) chain and staves (Chapters XV and XVII ) 

8, Describe some form of piiBmatic eoniposs bo bs to bung out the principles underlying the 
uae of this instrument Say how far it could be used m l hr survey of a small estate consisting 
of some woodland and three or four fields whose area varies from 5 to 10 acres (Chapter X\J ) 

!) Describe the essentia) prim lph b of some form of clinometer and explain itH use by indicating 
how you would contour the slopes of n rather deep and relatively narrow yalkv Hiuh us might be 
found m linn atom country (Chaptr r A V 7 II ) 

10 Desuibe the essentials of the “ Indian ” ebnomeb r m comparison with clinoraeton of othei 
types Show how its advantages are apparent m the detailed topographical survey of a small 
etretoli of hilly country where a frame w oik of trigonometrical stations lias previously l>ei n obtained 
by tnangulation (Chapter XVII ) 

11 Desiribe, with illustrative sketch, the mapping of a park of about 100 acres with woods 
at the 8 W and N F corners and a stream, irosscd by three bridges, flowing fiom N W to S E 
Roads croBS the park fiom the fc> and E sidra There is a lodge at the E gate, and a mansion, with 
i huuffcur’w cottage, is situated about thf renter of the park 

(In this answer no deUnlul description nerd be gmn of the representation of relief ) ((’biiilfr 

XU) 

12 Dry mix how you yiould niaki a closed tiaycrsr of a path bordering the whok' of the park 
referred to in C/mstion 1J Say how you would iuIjuhI any irrorH apparent when the tit Id book 
< ntncs were plot ft d (Chaptc r \\ I ) 

l‘J fJuidt tl by tin following data, des< nbr how you would map the relief of tlie park rcfrrred 
lo in Quc diou 11 Kxeept tliat in the X E t »imi r then is a < mular knoll of about JO yd diameter 
and sonic 0") ft abovr tin gcntrnl lrvrl of the pirk, the latter has no prominent relief tea tines 
Some tripononutm a] heights are ayadabli , namely 20H ft the highest point of thi knoll, 20 » it 
near the N W , 1 7.1 ft near the S W and 1S,"> ft near the S E cornu of the part in wlneli there is 
a broadly uinfoiju hIojk from X to S In (he lower half of its comst tin stream is artitu mlly 
embanked some 4 ft nhovi tin siirioundiiig k rcl (Chaplci XVII) 

14 Explain, with -keldus how \ ou would mcasuie the allitudr of a small and conn mcntly 
ecu Nsible ridgi from 300 lo 500 ft aUiie a known luigbt on surrounding lunrl of gem rally uniform 
level The ridge atictilies from K to \V , its stccfiest sid< a regolai warp hue, being on the souih, 
and the northern side being broken by tlie head vratrrh of two northward llowiug etieamx (Chapter 
XVII) 


15 Describe, with sketches, the contouring of a sand dam about 00 ft above mean sen level, 
with the fit ei fx st side on the s< award fan and the landward snlo fretted bv minor re critrauls, the 
dune being relatively permanent and enveied with binding \ (gelation (Chaplet X\ II ) 

10 Dent n bo, with sketches, the contouring of an elliptical knoll, whose highest point is h0 ft 
above the known initial level, and whose major aud miliar axes are nspeetiyejy 1 00 and (JO yd 
(Chapter XVII ) 

17 D(S( nix , with sketches, the eoiitouung of a aeries of four river terraces which use from 
the flood-plain of a rather wide meandering nvtr, the highest terrace being 4n ft abovo the gemml 
level of tho flood-plain (Chapter XVII ) 
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18 Explain, with approximate continued sketches, how. given a topographical map such as 
the British ]-jn Ordnance Map, oi the French i 50,000 map you -would set about determining the 
mtervisibihty of pairs of selected points on the map (< Chapter XVII and Chanter V ) 

19 Describe the principle of the aneroid barometei, and explain under what circumstances, 
and how, y ou would use it to asc ortain height of land m a newly explored country (Chapter XVII ) 

20 Sint c the preparation of the last edition of a certain sheet of the Ordnance Survey Six inch 
Map, a considerable urea of what was once aguculhijal and market-gardening land Jm been devoted 
to town planning on “garden suburb ’’ lines Hem would v 011 bring the map up to-date to show 
the new houses and streets, and whut instruments would you lecjuiro ’ Give reasons for choice 
of such instruments (Chapters X\ and XVI ) 

21 Describe the work you would do with prismatic compass, Gunter’s chain, and clinometer 
during a few d«iv ■> traverse of held boundaries and roads in a lowland inch as the F<'ti country 
Illustrate hy spmninnh of tu Id- booh mints (Chapters XVI and WIT ) 

22 Plot (he above field hook entries and snv how von would adjust am possible eirors 
(Chapter X\ I ) 

23 If the woik indicated 111 QinstumSl was done mound villages of (lie lam olnslnre or 
Yorkshire Wolds, how would it diffci from that undertakin in (he Finland v Give spieinien 
hold-book entries atul plot them (Chapters XVI anil AMI ) 

21 Describe how yon would pi 1 pan the plan of a small villagi with village guen arid will) 
dwellings grouped aiound cioss, roads One teasons for ehoiee of instruments you would iisi , 
and lllu-t rate l»y rough sketch of what the plan might be like (Chapteta X V and XVI ) 

25 How does the exploialory survev for an explores ’h route map iliffir from that of good 
topograph ie<il Btirvev ? Suggest eudable instruments for an exploring partv whose time id limiti d 
and whose facilities for trausjiort are not good supposing they art mgngtd in tin* survey id a 
tiopieaJ i-land suth a- New Guuua 

2(> Give illustrative sketchis to show the tvpe of woik vvlneh might result from methods 
noted in the preceding ijuesl ion 

27 What methods would you adopt and what liibtnunints would -you use in a pinperlv 
survey to chi ek the plans of an eslate How and »h\ dots such a survey dith r from topographical 
surveying ' 

2s It is desired 1o install telegraph hues lluoiigh a licit of undeveloped tountiv some (ifl ml 
long by 20 btoad, lines being requm d fm both longitudinal anti transverse iluections A range of 
wooded hills, whose highest points t xieed 2,000 ft , extends through the centre of the longest part 
of the region, the remainder of which is open grassland Describe a simph method of survey which 
will produce a map sufficiently accurate for use of the telegraph enguirors, and give reasons for 
choice of the instruments you would suggest (Chapters XV -XVII ) 

20 Ihaw a sketcli to repiesent a map which might result from such a suivey, aud note its 
limitations 

30 Dt senlio how j ou would sot about a rough determination of the relative heights of the 
salient features in an unexplored area of contrasted relief (Chapter XVH ) 
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Ordnance Survey Maps , their Meaning and Use, by M I Newbigin Brings 
out the physical charnct eristics of tvpical regions like tlie Western Grampians, 
and is characterised by sound geographical scholarship 

The Geographical Interpretation of Topographical Maps , by A Garnett A 
useful help to map reading, especially m con elating suth maps with human 
geography 

The Map of England, by Sir Charles (dose Contains much useful practical 
information about Ordnance Maps and is very helpful m map reading 

Map Making, by Professor F Debenlum Very useful for survey ing methods 
Contains statistical results of various types ol survey, deals with their entry, 
use, and if ueccssurv, their ail just incut Contains a very useful ( liapter on the 
making and adaptation of simple instruments 

Ej erases in Caitugiap/n/ In Professor F Debenharn Practical woik as 
done bv fust vmi students m the Depmlment of Geography , Cambridge (driver 
siO The actual exercises are accompanied by c h dilv-vwitten thapteis on 
i minus aspects of cartography The chapters on I Jclid Models and Blork 
Dugianih are particularly mteiesting apart from then aeademu value 

Kty to Map*, bv Bugadier II S L Wmterbothain. Explains the charac- 
teristics and used of many types ol map Contains mudi useful inhumation 
about Ordnance maps 

The Wet itfur Map a stand a id Melooiologitnl < >ffi< e publication indispensable 
lor under standing all about the preparation and interpretation ol weather maps 
Tlie Daily Weather Reports of the Meteoiological Office' should be caiefullv 
studied and comparisons of typical weather maps made as these are issued 

Meteorology for Ar ratal s,h\ Or 1> C Sutcliffe, and Weather Study, by Piofessor 
David Brunt, Heal with the most mm! methods of w eat Iict study and huecastina 

Map Projections, by A If limbs A standard textbook written bv a geo- 
grapher for geographers Jt is indispensable lor advanced studeuls 

An I ntroduition to the Study of Map Projetiious, bv ,1 \ Steers Endeavours 
to minimise the mathematical difficulties associated be some students with Map 
Projections Is very good foi graphical methods requiring a minimum of 
mathematics This lu< id and inspiring book tan he st rough recommended 


r o 
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Introduction to the Mathematics of Map Projections, by R K Melhsh Deals 
with the mathematical aspect of the subject and will be of interest to advanced 
students 

(leglpqical Maps, the n hi t a pxiahon and Use, bv A R Dwerryhouse. 

Geologtml Maps, the I)cl( manat ion of Struct anil Detail, by U M Chalmers 

The Sludg oj Geological Maps, b\ (1 hi Kilos 

The first two books deal with the mterjuetatiou of gooloeicaJ maps, largely 
with a \ iew to understanding the prepaiation of geologieal sections The third 
stresses the in tei {notation of geological maps in relation to topographical maps 
Whatever book js used time is need for < .ireful study of npiciil geologieal maps 

Stanford s Geological Atlas nl Gnat But a m and 1 1 eland \ery useful for its 
maps jtid for the walth of explanatory del, id 

OS Agncnltioal Atlas of England and It ah s VUnv distributional maps 
constrneted aet ending to the dot method and based on count} statistics 



APPENDIX 


REGIONAL SURVEY 

Fur University Diplomas and Decrees in Geography, regional description of 
a selected urea is usually required Such description must, be primarily based 
on personal contact, w dll the region and the necessary field work, will be simplified 
In practical methods insulting in maps and diagrams not otliei wise available 

The kevnote of sue li a survey may w’oJI be " the physical basis and the human 
iesponse,” that is, how the physical geography explains human activity iu work 
and settlement 

Begin by studying the relevant one-inch Ordnance map as recommended in 
Chapter VII,, Arts 1 and 2, and make the tracings suggested Super impose the 
tracing of (1) contours on that of (2) water features, i r streams, canals, lakes, 
and you will obtain a general idea of the distribution and c haracter ot physical 
features Ylso, make turnings of the corresponding one-im h Geological Suivey 
maps ol the* region These if used with the contours tracing, will help to explain 
the telicf and soils Note Chapter XVIII. Art 5 ‘ General Geographical 

Feat ui os of (Vitam Hocks ” 

You should now lie prepared to examine the legion ‘ in the held, ' (i) at 
fust to obtain a bird’s-eye mow ol the actual country, and (2) later to concentrate 
on special features in more* detail In this practical study of the physical 
geography ability to make perspective sketches and block diagrams, and to use 
a c annua with a geographical eve will be useful The geographical eye can pick 
out piommcnt feat ures readily and adjust 1 he camera to produce pictures with the 
best three dimensional effect, e q fiom a vantage point on higher ground to obtain 
pictures of a meandering stream on the neighbouring plain so that the meanders, 
levees, and possibly liver tenac.es ate clearly visible Foi stream feature's note 
Chapter IV., ^rt 1 

A block diagram is drawn on a block which is tilted to pioduccjierspectne 
effect If (1) one end of the block face's the observe r, as irt Fig. what is 
known as one -point perspective' results when two sides of the block surface meet 
at a point on the horizon (2) one corner faces the observer and tw o edges incline 
away from him as m Fig lt»5, the lesult is_Jjap-pcnnt ^perspective \ fully 
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developed block diagram show* geological structure beneath the topographical 
features, as in Fig 168 

Perspective has a receding effect, so 
that (1) parallel lines, eq of a railway, 
receding from the skeleher, are drawn as 
though they converged to a point some 
distant i from linn; (2) a serif's of objects 
of equal size receding from the sketeher 
must be drawn as if they become progres- 
sively smaller and closer together, though 
they may really be the same distance apart, 
eg telegraph poles along a railway 

A simple way to make a block diagram 
from a map is to use the tontours and (1) 
fiom them to construct, sulhcient profile 
sections along parallel hues on the map, 
and (2) to arrange on the contoured map 
these profile sections to give the three- 
dimensional idea, and (8) to use the 
section- as guides to a peispective sketch 
This method, with others, is described by Piofehsor F Dcbeiiham m lus 
Jiiervucs in Carloyniplnj 
Block diagrams are useful 
for features such as a river \ 
valley, an escaipment nj a 
ridge, provided there is not 
too much exaggeration of t he 
vertical scale Figs 166 and 
1 67 are based on photos taken 
by the writer, and represent 
valleys of Hti earns rising m 
the Lint olnshi io Wolds 
Block diagrams of a wider 
area are generally reasonably yjg ier>. 

successful if only the major 

features are shown and a minimum of shading is used, as in Fig 168, which 




point perspective 
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represents part of 8 E England and is reproduced fioin Preeeo and W ood’s 
British Isles (Univ Tut Press) by courtesy of the writers and pubhsherb 

Practical exercises with surveying instruments required by examination 
syllabuses as “ woik in the field.” 
might be done in suitable parts 
of the region, c g (1) route traverse 
of a stream or road, closed tiaveise 
of a park or common, (2) contour- 
ing of hill featuies or undulating 
giound, (3) theodolite trmngula- 
tion of open, level giound, in which 
(4) details (ould be filled m bv 
plane-tabling 

AH work done “ m the field.” 
sketches, block diagrams photos 
le, suits of surveying, should be 
dated Notes of observations 
should also be dated, <• q ( harac tej 
of a -dream valley and features obseived therein, such as meanders, rapids, 
flood-plain Sometimes it is helpful 'to make note." on a sketch map or diagram 
as it is drawn Thev should be bt iff and deal with outstanding points, 
such as t\pe of soil or vegetation noticed when making a stream traverse , 

oc< uncnce of springs at 
base of an estaipim nt 
The human geography 
will be pi nnarily cone orned 
with oecu pat ions com- 
munications, and settle- 
ment ot 1o day, though 
comparison with former 
conditions may sometimes 
be desirable You can start 
bv consulenng land utili- 
sation (1) productive (farms) or of relatively little value (moorland) (2) w hether 
the farms concentrate on stock-rearing or crop-production oi market-gardening, 
etc ; (3) mining, (4) industrial activity. Location of such enterprises can be 



Fig !*>'' 
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shown on a sketch leap baaed on the 
one-inch OS Land Utilisation map but 
some detailed study of agriculture vail be 
necessary as regards distribution, pro- 
ducts, methods 

The books entitled Land of BnLitin , 
edited in Dr Dudley Sump and generally 
issued foi administrative counties covered 
by the Lund Utilisation maps, contain 
useful information about agriculture and 
other economic exploitation of the laud 
Some of them hu\e summaiies about tvpes 
of farms, and these you can extend by 
further examples from >0111 own obsei- 
vation If statistics are available, con- 
struct distributional maps foi \ anous crops 
and types of stock (See t’hupter VJ1J. 
Arts *2 and S) UeneralK, if sufficient 
reason be shown, the Mmistjy of Agricul- 
ture will furnish statistics relating to 
parishes or groups of parishes V cm can 
attempt a small agricultural suivey of 
vour ow r n. using the siv-mch 0 8 maps 
on which fnld boundanes are shown, and 
making enquiries of fairneis, who, as a 
rule, will doubtless co-operate if they 
know vour object Sonic assistance can 
be obtained from the OS Aqnvultvtal 
Atlas of England and Wales, where, how- 
ever, the aiea units are counties 

The communications tracing will help 
to explain many settlement sites (Chapter 
^ I , Art 7), aiul a sepai ate settlement 
tracing can be made Examination of 
village and town sites affords many in- 
teresting opportunities for work in the 
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field relative to soils, building sites, water supply, etc , and notes made should be 
dated, as conditions may varv according to season. Climatic statistics, if 
available, may be used to construct lainfnll and temperature graphs, wind roses 
etc , and these, if considered fiom the seasonal aspect, may assist ) oui imestjga- 
tiona into the incidence and rehabiht} of water supply, type of fanning, and other 
factors 'which have influenced settlement and land utilisation 

The above hints mainly conceru practical woilcin the held bid foi a dissertation 
icfcrenee to books and papers Mill abo be neeessaiy A bibliography of those 
and of offic ul map':, etc , should be compiled 
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